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NE OF the problems in physiology has been the identification of 

areas in the cerebral cortex which modify activity of the auto- 
nomic nervous system. In view of the striking changes which take 
place in autonomic activity as a result of emotion, it is logical to assume 
that such areas are present. As a result of experimental work on 
animals and clinical observations on man, at present there appear to 
be four areas of the cerebral cortex which play a role in the regulation 
of autonomic activity. They are the motor areas 4 and 6, the anterior 
part of the cingulate gyrus (area 24), area 8 of the frontal lobe and 
the orbital surface of the frontal lobe. Lesions of areas 4 and 6 of the 
cerebral cortex in monkeys and in man are associated with an altera- 
tion in vasomotor activity.* By electrical stimulation of the motor 
cortex of the cat and monkey, Hoff and Green * were able to produce 
an elevation in blood pressure. A cessation of breathing, a decrease in 
heart rate and both a fall and an elevation of blood pressure from 
stimulation of the anterior part of the cingulate gyrus in the monkey 
have been demonstrated by Ward‘ and by Smith.® Ward® also 


This study was supported by a grant from the Life Insurance Medical 
Research Fund. 

From the Boston Psychopathic Hospital and the Department of Psychiatry, 
Harvard Medical School. 

1. Unless specified differently, the designation of all cortical areas mentioned 
is that of the Brodmann classification. 

2. Kennard, M.: The Precentral Motor Cortex, Urbana, IIl., University of 
Illinois Press, 1944. 

3. Hoff, E. C., and Green, H. D.: Cardiovascular Reactions Induced by 
Electrical Stimulation of Cerebral Cortex, Am. J. Physiol. 117:411-422, 1936. 

4. Ward, A. A.: The Cingular Gyrus: Area 24, J. Neurophysiol. 11:13, 
1948. 

5. Smith, W. K.: The Functional Significance of the Rostral Cingular Cortex 
As Revealed by Its Responses to Electrical Stimulation, J. Neurophysiol. 8:241, 
1945. 

6. Ward, A. A., and Reed, H. L.: Mechanism of Pupillary Dilatation Elicited 
by Cortical Stimulation, J. Neurophysiol. 9:329, 1946. 
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showed that stimulation of the superolateral surface of the frontal lobe 
(area 8) gives rise to bilateral pupillary dilatation in the monkey. 


To date at least, it would appear that the cortical area which is 
most directly concerned with autonomic regulation is the orbital sur- 
face of the frontal lobe. Spencer,’ in 1894, found that stimulation of 
this area in the monkey, dog, cat and rabbit produced an elevation of 
blood pressure and a change in respiration. Recently Bailey and 
Sweet,® by electrical stimulation of a small area on the posterior orbital 
surface between the two long longitudinal sulci in the monkey, pro- 
duced not only an elevation of blood pressure but a decrease in gastric 
motility and a cessation of respirations. These findings have been con- 
firmed by one of us (R. B. L.)?® 


An opportunity to explore the relation of one of these cortical areas, 
the frontal lobes, to autonomic regulation in man was made possible by 
the availability of patients being lobotomized for psychiatric disease 
at the Boston Psychopathic Hospital. This study was concerned first 
with the effect of frontal lobotomy on the blood pressure and subse- 
quently with the response of the blood pressure and respiration to elec- 
trical stimulation of the orbital surface of the frontal lobes. These 
observations have been presented in part elsewhere.’° 


MATERIAL 


Nineteen patients with psychiatric illness were studied. On the 10 patients 
of this group with varying degrees of elevation of blood pressure, determinations 
of the blood pressure were made before operation and at varying intervals up to one 
year after lobotomy. The psychiatric diagnoses were as follows: paranoid schizo- 
phrenia, 7 patients; mixed psychoses, 3 patients. 

The blood pressures for these patients before operation varied from high normal 
to levels consistent with a diagnosis of hypertension (fig. 1). Their ages ranged 
from 39 to 64 years. On the basis of the clinical and laboratory findings, the patients 
with consistently high blood pressures, of whom there were 6, were thought to have 
hypertensive vascular disease and minor degrees of arteriosclerosis. They were all 


7. Spencer, W. G.: The Effect Produced upon Respirations by Faradic 
Excitation of the Cerebrum in the Monkey, Dog, Cat and Rabbit, Philos. Tr. 
85 :609-657, 1894. 

8. Bailey, P., and Sweet, W. H.: Effects on Respirations, Blood Pressure and 
Gastric Motility of Stimulation of Orbital Surface of Frontal Lobe, J. Neurophysiol. 
3:276-281, 1940. 

9. Delgado, J. M. R., and Livingston, R. B.: Some Respiratory, Vascular, and 
Thermal Responses to Stimulation of the Orbital Surface of Frontal Lobe, J. 
Neurophysiol. 11:39-55, 1948. 

10. (a) Greenblatt, M.; Arnot, R. E.: Poppen, J. J., and Chapman, W. P.: 
Report on Lobotomy Studies at the Boston Psychopathic Hospital, Am. J. 
Psychiat. 104:361-366, 1947. (b) Livingston, R. B.; Chapman, W. P., and 
Livingston, K. E.: The Frontal Lobes, A. Research Nerv. & Ment. Dis., Proc. 
27:421-432, 1948. 
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Fig. 1—Blood pressures following frontal lobotomy. The blood pressure 
readings for 10 patients before frontal lobotomy and up to one year after operation 
are shown. The black circles represent the systolic pressure; the white circles, 
the diastolic pressure. Both values represent the mean of five pressure readings 
taken- on any one occasion with the patient lying down. The black and white 
squares, showing the systolic and diastolic pressures, respectively, were taken with 
the patient in the sitting position. Patient 6 had two operations. At the first 
operation the medial half of the fiber tracts of the frontal lobe were sectioned, and 
during the second operation the lateral half of the fiber tracts were sectioned. As 
can be seen, there were no consistent changes in blood pressure following frontal 
lobotomy. 
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without symptoms referable to the vascular disease. Laboratory procedures, 
including electrocardiographic studies, roentgenologic measurement of heart size, 
routine urinalysis and urine concentration studies and determination of the choles- 
terol and nonprotein nitrogen of the blood, gave normal results, except for 2 patients 
who showed electrocardiographic evidence of strain on the left ventricle. In the 
remaining 9 patients studies were confined to stimulation of the orbital surface of the 
frontal lobes during the lobotomy, but prior to section of the fiber tracts. 


METHOD 


Determinations of Blood Pressure Before and After Frontal Lobotomy.—As 
soon as the patient entered the hospital, determinations of blood pressure were 
made as often as possible before and after operation, and for some patients at 
periodic intervals up to one year after lobotomy. With few exceptions, the blood 
pressures before and after operation were taken with the patient in the lying 
position and after comparable periods of rest. The blood pressure values reported 
represent the mean of five recordings at any one time. It was assumed that these 
patients might show wide variations in behavior and emotional state. The 
patient’s condition was therefore checked during the taking of the blood pressure 
and graded as normal or as showing slight, moderate or marked degrees of 
abnormality with respect to restlessness, irritability, talkativeness, cooperation and 
apprehension. Any abnormal behavior peculiar to the patient was also noted. 

Approximate Location of Interruption of Fiber Tracts in Frontal Lobes: The 
lobotomy was performed by Dr. James Poppen or Dr. Kenneth Livingston. A 
trephine opening 1 inch (2.5 cm.) in diameter was made 3 cm. lateral to the 
midline of the skull and 3 cm. anterior to the sagittal suture. The fiber tracts 
were sectioned from the trephine opening in a plane running just in front of the 
tip of the anterior horn of the lateral ventricle down to the lesser wing of the 
sphenoid bone, which is the posterior boundary of the anterior fossa (fig. 2). 
Except for removal of the cortex at the trephine opening, as little as possible of 
the cerebral cortex was disturbed, thereby diminishing the likelihood of hemor- 
rhage or retrograde thrombosis. Both hemispheres were always sectioned. 

Electrical Stimulation of the Orbital Surface of the Frontal Lobe—With the 
patient under light to moderate anesthesia produced with thiopental sodium U. S. P. 
(pentothal®), and prior to section of the fiber tracts, the orbital surface of one or 
both hemispheres was stimulated transcortically by placing the electrode through 
the trephine opening onto seven arbitrarily designated areas along the floor of the 
anterior fossa.11 These areas included three regions along the lesser wing of the 
sphenoid bone, three parallel areas more anterior and, finally, one area directed at 
the frontal pole (fig. 3). The lesser wing of the sphenoid bone was identified by 
means of a ventricular probe. To lessen the possibility of stimulating the dura, 
the electrode was always withdrawn a distance of 3 mm. after contacting the floor 
of the anterior fossa prior to stimulation. 

A Grass stimulator, model 3 A®, was used. The stimulus was of a monophasic, 
square wave type and was controlled as regards frequency, pulse duration and 
voltage. The electrode was bipolar and completely insulated except for the tip. 


11. Atropine sulfate, 1/150 grain (0.4 mg.), and morphine sulfate, 1/6 grain 
(10 mg.), were given subcutaneously anywhere from sixty to three minutes 
before the start of the experiments to 6 of the 9 patients. This medication did not 
appear to influence the respiratory response or the effect on the blood pressure. 
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The shaft was calibrated in units of 5mm. Effective characteristics of stimulation 
for responses of blood pressure and respiration were found to be from 10 to 30 
cycles per second, a pulse duration of ten milliseconds and a minimum voltage 
of 8. With few exceptions, the duration of each stimulus was kept constant at 
ten seconds, with a minimum period of from thirty to sixty seconds between 
stimulations. Each patient was stimulated anywhere from twenty-five to sixty times 
during an experiment. 


2 
CORONAL SUTURE™ |” 


LINE OF SGALP INCISION 
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Fig. 2.—Drawing showing approximate location of section of fiber tracts 
performed during frontal lobotomy. The section runs through from the center of 
the trephine opening in a plane just anterior to the tip of the anterior horn of the 
lateral ventricle down to the region of the lesser wing of the sphenoid bone, which 
represents the posterior boundary of the anterior fossa. 


The blood pressure and respirations were continuously recorded, the blood 
pressure intra-arterially by means of a Hamilton manometer and the respirations 
with a pneumatic cuff attached around the chest. As shown in figure 4, the upper 
deflection of the respiratory curve indicates an inspiration, and the downward 
deflection of the curve, an expiration. Time is recorded at one second intervals. 
The period of stimulation is indicated by the dark line at the bottom of the tracing. 
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Fig. 3—Approximate areas of stimulation of the orbital surface. This drawing 
shows the approximate location of the areas along the orbital surface which were 
electrically stimulated. The electrode was placed through the trephine opening onto 
the seven arbitrarily designated areas, as shown by the seven circles in each 
hemisphere. Before the stimulation was begun, the electrode was withdrawn a 
distance of 3 mm. to lessen the possibility of stimulating the dura. 
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Fig. 4.—Elevation of blood pressure on stimulation of the posterior lateral 
aspect of the orbital surface of the hemisphere. The upper tracing shows elevation 
of blood pressure without change in respiration from electrical stimulation of the 
posterior lateral aspect of the orbital surface of the right hemisphere. The lower 
tracing shows elevation of blood pressure with only a minimal change in breathing 
from stimulation of a corresponding area in the left hemisphere. 
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RESULTS 

Effects of Frontal Lobotomy on the Blood Pressure.—All the blood 
pressure values taken with the subject in the lying or the sitting posi- 
tion for the 10 patients, some of whom were followed at varying 
intervals up to one year after operation, are shown in figure 1. It will 
be seen that there was no consistency in the results. Any change 
which took place was possibly more noticeable in the systolic than in 
the diastolic pressure. For patients 4, 12 and 9, in whom the changes 
in systolic pressure seemed most marked, the significance of such 
changes was determined. Patient 4, though showing a fairly pro- 
nounced fall in both systolic and diastolic pressure during the first 
month of the postoperative period, showed a significant increase in the 
mean systolic pressure for the remainder of the one year postoperative 
period as compared with that before lobotomy. Patient 12 showed a 
significant decrease in systolic pressure after operation, while for patient 
9 there was no significant difference in the systolic pressure after 
operation except for the first and second postoperative months. 

The absence of any consistent changes in blood pressure noted in 
these patients during the first year after lobotomy is comparable to 
the effects on the blood pressure observed in patients with hypertensive 
vascular disease after nonspecific operative procedures, such as cholecys- 
tectomy, hysterectomy and repair of hernia, as reported by Rojas, 
White and Smithwick.’* After operation some of the lobotomized 
patients showed changes in mental status and behavior. Such changes 
were not consistent, nor were they correlated with any trend in the 
blood pressure. 

Effect on Blood Pressure and Respiration of Electrical Stimulation 
of the Orbital Surface of the Frontal Lobes.—As reported previously 
the following characteristics of electrical stimulation gave rise to a 
change in respirations and an elevation of blood pressure: 10 to 30 
cycles per second, a pulse duration of 10 milliseconds and a minimum 
voltage of 8.°°° A cessation of or decrease in respirations in the 
expiratory phase was obtained in 7 of 9 patients, and an elevation of 
blood pressure, in 6 of 9 patients. The responses in respiration and 
blood pressure were obtained either independently of each other or 
together during a given stimulus. The period of latency for the effect 
on respiration was from one to two seconds. While the effect on the 
respirations usually lasted throughout the duration of the stimulation, 
in 2 patients there was an escape or recovery of respiration before the 


12. Rojas, F.; White, P., and Smithwick, R.: Non-Specific Major Operations 
and Lumbar-Dorsal Sympathectomy: Comparison Between Their Effects on 
Blood Pressure, J. A. M. A., 126:471-485 (Sept. 2) 1944. 
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end of the stimulus. The latent period for an elevation of blood pressure 
was from three to four seconds. The elevation of blood pressure reached 
a maximum in about eight seconds. The time for the return of the 
blood pressure to the control level varied with the height of the maximal 
elevation of blood pressure, recovery occurring from twelve to twenty- 
two seconds after the end of the stimulus. Comparable responses were 
elicited from approximate locations in the two hemispheres in a given 
patient and were reproducible so long as the same effective charac- 
teristics of stimulation were used. 


TasLe 1.—Detailed Summary of Maximal Change in Blood Pressure During 
Control Run and Magnitude of Elevation of Blood Pressure During Ten 
Second Stimulation Periods in Patient 9 


Maximal Change in Maximal Change 
Control Run During Stimulus 
tion Systolic Diastolic Systolic Diastolic 
Stim- Fre- Dura- Stim- Mm. Mm. Mm. Mm. Mm. Mm. Mm. Mm. 
ulus * quency tion Voltage ulust Seale Hg Seale Hg Seale Hg Secale Hg 
14 10 10 30 Rt. C 2 8 1 4 6 24 3 12 
15 10 10 30 Rt. C 1 4 1 4 5 20 3 12 
16 30 10 30 Rt. C 1 4 1 1 2 8 2 8 
17 10 10 3 Rt. C 1 4 1 4 2 5 2 s 
19 10 10 30 Lt. C 0 0 0 0 5 20 4 16 
22 10 10 20 Lt. C 1 4 0 0 4 16 4 16 
23 10 10 20 Lt. C 0 0 0 0 5 20 4 16 
24 10 10 20 Lt. C 1 4 0 0 5 20 4 16 
25 10 10 14 Lt. C 1 4 1 4 2 8 3 2 
26 20 10 20 Lt. C 1 4 1 4 3 12 4 16 
27 20 10 20 Lt. C 0 0 0 0 3 12 3 12 
29 10 10 20 Lt. C 1 4 1 4 3 12 3 2 
30 10 10 20 Lt. C 1 4 0 0 3 12 2 8 


* 


On the calibration scale, 1 mm. is equivalent to 4 mm. of mercury. 
Rt. C indicates the posterior lateral aspeet of the orbital surface of the right hemisphere; 
Lt. C, the posterior lateral aspect of the orbital surface of the left hemisphere. 


+ 


In patient 9 an elevation of blood pressure, with little or no change 
in respirations, was obtained by stimulation of the posterior lateral 
aspect of the orbital surface of the frontal lobe in each hemisphere. 
A detailed summary of the elevations in blood pressure during the ten 
second periods of stimulation and the maximal spontaneous variation 
in blood pressure during each preceding control run are shown for this 
patient in table 1. As shown in figure 4 and in table 1, stimulus 15 to 
the right hemisphere produced a maximal elevation in systolic pressure 
of 20 mm. of mercury, a response which was five times as great as the 
maximal spontaneous variation in systolic pressure during the previous 
control run. The maximal elevation of the diastolic pressure was 
12 mm. of mercury, or three times the maximal spontaneous variation 
for the diastolic pressure during the previous control run. On stimu- 
lation of a comparable area of the left hemisphere (fig. 4; stimulus 24 
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in table 1), the maximal elevation of systolic pressure was 20 mm. of 
mercury, a response which was five times the maximal spontaneous 
variation. The maximal elevation in the diastolic pressure was 16 mm. 
of mercury, which was four times the maximal spontaneous variation. 
The period of latency for the elevation of blood pressure seen in both 
tracings was nearly four seconds, and the time of maximal increase in 
blood pressure about eight seconds, after the start of the stimulation, 
the pressure returning to the control level at about twelve seconds after 
the end of the stimulus. 

The tracings in figure 5 (patient 5) show a cessation of breathing 
in expiration only on stimulation of the posterior lateral aspect of the 


Fig. 5—Complete cessation of respirations without a change in blood pressure 
other than that which was secondary to breathing. The upper record shows the 
result of electrical stimulation of the posterior lateral aspect of the orbital surface in 
the right hemisphere, and the lower tracing, the effect of stimulation of a comparable 
area in the left hemisphere. 


ay 


Fig. 6.—Tracing showing both an elevation of blood pressure and diminution 
of respirations from electrical stimulation of the orbital surface. The respiratory 
effect appears to have just preceded the beginning of the increase in blood pressure. 


orbital surface. While not demonstrated in these tracings, owing to 
the fact that the stimulation began during a respiratory phase, the 
latent period for respiratory cessation or diminution was about two 
seconds. Recovery of respirations usually occurred from two to four 
seconds after the end of the stimulation, although in 2 patients apnea 
continued as long as forty seconds after each of three stimulations. We 
have no explanation for the long period of apnea in these 2 cases. 

The tracing in figure 6 (patient 1) shows both a diminution of 
respirations in expiration and an elevation of blood pressure in response 
to a given stimulus. It was first thought that the elevation of blood 
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pressure may have been secondary to the change in breathing. Control 
studies, therefore, were made on the next 3 patients to be stimulated 
in order to determine the extent to which holding the breath in full 
expiration, holding the breath in full inspiration and first stopping the 
breath in expiration and then progressively increasing the breathing 
might influence the blood pressure. These maneuvers were accom- 
panied with no consistent or significant alteration in blood pressure 


TaBLe 2.—Maximal, Average and Minimal Elevation of Blood Pressure in Each 
Patient in Response to Electrical Stimulation 


Maximal Rise During 


Elevation of Blood Stimulation by 
Pressure, Maximal Spontaneous 
Mm. of Mereury Rise (Mm. Scale) 
AW 
Patient No. Systolic Diastolic Systolie Diastolic 

Maximal Elevation 

Dincdi-vuukeesocdeegsqusecmencuoevecte 13.5 12.6 6.0 4.2 

24.0 16.0 5.0 4.0 

19.8 17.4 5.4 4.7 
Average Elevation 

18.7 15.5 2.8 4.2 

17.0 14.0 3.0 2.5 

10.0 10.3 4.5 2.8 

12.3 11.4 4.1 3.8 

15.1 13.4 3.5 3.4 
Minimal Elevation 

Dicesalptskewesevewstescceventunvets 6.0 6.0 1.8 2.0 

9.0 9.0 3.0 3.0 

11.0 8.5 2.2 2.0 


other than a slight fall in blood pressure in a patient who held his 
breath in the expiratory phase. These control findings, in addition to 
the fact that we obtained an elevation of blood pressure alone and a 
cessation of respirations alone, made us feel that the effects on respira- 
tion and on blood pressure occurring during stimulation were inde- 
pendent phenomena. 

A summary of the maximal, average and minimal elevations of blood 
pressure in response to stimulation for the 6 patients is given in 
table 2. The mean of the maximal systolic elevation was 19.8 mm. of 
mercury, and the mean of the maximal diastolic elevation, 17.4 mm. of 
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mercury. When these responses are compared with the maximal spon- 
taneous variation during the previous control run, it will be seen that 
the mean of the maximal systolic elevation was 5.4 and the mean of 
the maximal diastolic elevation was 4.7 times as great as that for the 
corresponding mean maximal variations during the previous control 
runs. The mean of the average systolic elevation was 15.1 mm. of 
mercury, a value 3.5 times as great as the mean of the average control 
variation. The mean of the average diastolic elevation was 13.4 mm. 


Fig. 7—Approximate areas for elevation of blood pressure. The white circles 
show the approximate areas where stimulation produced an elevation of blood 
pressure alone. The triangular areas show where elevation of blood pressure was 
preceded by cessation of respiration. The black circles represent the approximate 
areas where no responses were obtained. It can be seen that the areas of blood 
pressure elevation were along the posterior aspect of the orbital surface, the change 
occurring more frequently along the lateral surface. 


of mercury, a value 3.4 times as great as the maximal average control 
spontaneous variation. The mean of the minimal systolic elevation 
was 11.0 mm. of mercury, a value 2.2 times as great as the mean mini- 
mal control variation. The mean of the minimal diastolic elevation of 
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blood pressure was 8.5 mm. of mercury, a value 2.0 times as much as 
the mean of the minimal spontaneous variation in the control runs. The 
magnitude of the elevation of blood pressure in response to electrical 
stimulation, while not striking, appeared significant when these changes 
were compared with maximal fluctuations in blood pressure which pre- 
ceded the stimulations. 


The result of stimulation on the heart rate was also noted. So far 
as we could determine, the effects were negligible. 


Fig. 8—Areas of respiratory responses. The white circles show the approxi- 
mate areas where stimulation produced cessation of breathing. The black circles 
represent the approximate areas where no responses were obtained. It can be 
seen that the areas where cessation of respiration occurred were about the same as 
those which gave rise to an increase of blood pressure, namely, the posterior aspect 
of the orbital surface, possibly more frequently along the lateral than the medial 
portion. 


Our rather crude method of localizing the areas of stimulation makes 
it impossible to be specific about the location of these responses. The 
approximate location for all the responses of respiration and blood 
pressure and for all the negative responses to the stimulation of the 


we 
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orbital surface are shown in figures 7 and 8. The areas for positive 
response appeared to be along the posterior half of the orbital surface, 
possibly being situated more laterally than medially. It was of note, 
moreover, that effects on respiration or blood pressure could not be 
repeated if the electrode was moved as little as an estimated 5 mm. from 
the areas of positive response. Several stimulations in 3 patients were 
carried out at varying intervals from the cortical surface at the trephine 
opening down to within about 1 cm. of the posterior part of the orbital 
surface. The results were all negative. 

The possibility was considered that the positive responses might be 
due to stimulation of the dura, blood vessels or olfactory bulb. In 3 
patients direct stimulations of the dura of the anterior fossa, of cortical 
veins or arteries or of the anterior cerebral artery were carried out, 
but no changes in either blood pressure or respiration were obtained. 
While the olfactory bulb was not stimulated purposely, it seems most 
unlikely that the positive stimulations directed at the lateral portion of 
the orbital surface could have heen due to stimulation of that structure. 


CONCLUSIONS 


Data are presented on the effect of frontal lobotomy on the blood 
pressure and of electrical stimulation of the orbital surface of the frontal 
lobe on respirations and blood pressure in man. No consistent altera- 
tion in blood pressure levels was noted in 10 lobotomized patients, 
several of whom were followed up to one year after operation. Electrical 
stimulation of the orbital surface of the frontal lobes produced a 
cessation or diminution of respirations in 7 of 9 patients and an elevation 
of blood pressure in 6 of 9 patients. These responses occurred together 
or independently of each other during a given stimulus. 

The latent period of three to four seconds for the effect on the blood 
pressure strongly indicates that this response was due to a neurogenic, 
and not a humoral, mechanism. That the responses could have been 
due to direct spread of the electrical current into the hypothalamus is 
unlikely in view of the fact that frequently elevation of blood pressure 
and decrease in respirations were obtained from the posterior lateral, 
orbital surface, and not from the posterior medial, aspect of the orbital 
surface, the latter being nearer the hypothalamus. The failure to obtain 
positive responses in respiration or blood pressure from stimulation of 
the dura of the anterior fossa, the cortical arteries and veins and the 
anterior cerebral artery made it seem likely that the results were due 
to stimulation of the cerebral cortex or the subcortical tissue or both 
areas. 

The exact location of the responses will have to await the results of 
stimulation of the orbital surface by direct visualization. Recent observa- 
tions in this laboratory have demonstrated that electrical stimulation of 
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the tips of both temporal lobes was followed by a striking rise in blood 
pressure.!® The close proximity of the posterior lateral aspect of the 
orbital surface to the temporal lobes, together with our indirect method 
of localizing the stimulus area, makes it conceivable that certain of the 
responses reported as coming from the orbital surface may in fact have 
been due to stimulation of the temporal lobe. 

With reservations, therefore, with regard to the exact location of 
the responses, we feel that these results of stimulation confirm for the 
first time in man the findings of electrical stimulation of the orbital 
surface of the frontal lobes in animals. These physiologic observations 
are, moreover, in accord with opinions based on phylogenetic studies 
of the probable location of cortical representation for the functions of 
the autonomic nervous system in man. 

From studies of the correlation of the evolution of the emotional 
behavior and of the cerebral cortex of mammals, it would be reasonable 
to expect that the cortical representation of visceral changes and of 
somatic movements associated with expression of emotional states is 
located in the areas of the cerebral cortex immediately adjoining the 
olfactory, or smell, brain. Specifically, these areas are the cingulate 
gyrus (Papez), the area in the island of Reil, the posterior part of the 
orbital cortex which joins the island of Reil and the cingulate gyrus, 
the mesial wall of the temporal lobe and the hippocampal gyrus.** Our 
responses apparently were obtained from this general area, which 
includes the posterior lateral aspect of the orbital operculum, correspond- 
ing to area 13 in the monkey as defined by Brodmann and which is 
apparently identical with area FJ of von Economo (figure 1A and page 
52 of von Economo * and figures 96, 98, 102 and 104 and page 187 of 
Brodmann **).‘7 Our results of stimulation of the tips of the temporal 


13. Chapman, W. P.; Livingston, K. E., and King, A. E.: Effect on the Blood 
Pressure of Electrical Stimulation of the Tips of the Temporal Lobes in Man, to be 
published. 

14. Papez, J. W.: A Proposed Mechanism of Emotion, Arch. Neurol. & 
Psychiat. 38:725 (Oct.) 1937. Yakovlev, P.: Motility, Behavior and the Brain, 
Stereodynamic Organization and Neural Co-Ordinates of Behavior, J. Nerv. & 
Ment. Dis. 107:313, 1948. 

15. von Economo, C.: L’architecture cellulaire normale de l’écorce cérébrale, 
French edition by Ludo van Bogaert, Paris, Masson & Cie, 1927, p. 52. 

16. Brodmann, K.: Vergleichende Lokalisationslehre des Grosshirnrinde, 
Leipzig, Johann Ambrosius Barth, 1925, p. 187. 

17. It will be noted that area 13 of Brodmann’s cortical map differs from area 13 
of Walker’s map. According to Walker, area 13 of the monkey is located on the 
orbital surface of the frontal lobe immediately anterior to the lateral olfactory 
stria and lateral to the olfactory tract (Walker, A. E.: J. Comp. Neurol. 73:59, 
1940). According to Brodmann,!® area 13 in all mammals represents the most 
anterior part of the insular cortex and is located, therefore, more laterally and 
posteriorly than Walker’s area 13. 
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lobes in man (the probable area being 38 of Brodmann or area TG 
of von Economo or the region adjacent to it), which are reported 
elsewhere, offer physiologic evidence that the temporal lobes likewise 
may comprise a part of the autonomic representation for regulation of 
blood pressure.** 

If the areas of the posterior orbital surface which responded to 
electrical stimulation with a rise in blood pressure help to maintain 
the blood pressure, one may wonder why the effects of frontal lobotomy 
on the levels of the blood pressure were inconsistent or failed to cause 
any substantial lowering. It may be that the lobotomy incision failed 
to undercut these areas. An attempt was made to extend this incision 
only down to, but not through, the cortex on the orbital surface in 
the region stimulated. A more likely explanation would be that the 
posterior orbital surface represents only a portion of the cerebral cortex 
which may influence the circulation. 

The significance of these findings as an additional step in uncover- 
ing the anatomic basis for emotional expression by autonomic activity 
will have to await further studies. It is hoped that these observations 
will be helpful to those undertaking more precise physiologic and 
anatomic investigations of autonomic representation in the cortex. 


SUMMARY 


The effect of lesions and of stimulation of the frontal lobes in man 
on respirations and on blood pressure was studied in 19 psychiatric 
patients. The effect of frontal lobotomy on blood pressure was noted 
in 10 patients. The effect of transcortical electrical stimulation of 
the orbital surface of the frontal lobes on blood pressure and respira- 
tions was observed in 9 patients. The results may be summarized as 
follows : 

1. There was no consistent change in blood pressure levels after 
frontal lobotomy, several patients being followed up for one year after 
operation. 

2. Electrical stimulation of the orbital surface of the frontal lobes 
produced an elevation of blood pressure in 6 of 9 patients and a cessation 
or diminution of respirations in expiration in 7 of 9 patients. These 
responses occurred together during a given stimulus in 2 patients. In 
4 patients elevation of blood pressure occurred independently of a 
change in respirations. In 5 of 7 patients the changes in respirations 
were independent of a change in blood pressure during a given stimulus. 

3. While the magnitude of elevation of blood pressure was not 
striking, the average elevation for the 6 patients was 3.5 times as 


great as the maximal spontaneous variation for the systolic blood 
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pressure and 3.4 times as great as the maximal spontaneous variation 
for the diastolic blood pressure. 

4. Our crude method of identifying the stimulus area did not permit 
us to be certain of the location of the responses. The responsive areas 
appeared to be along the posterior orbital aspect of the orbital surface. 
These findings confirm for the first time in man the results of animal 
studies. 

The significance of these observations as regards the cortical control 
or regulation of blood pressure or respiration will have to »~ ‘it more 
precise studies of the anatomy and physiology of these ar 
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EXTINCTION PHENOMENON IN HEMIPLEGIA 


MORRIS B. BENDER, M.D. 


MORTIMER F. SHAPIRO, M.D. 
AND 
ad ARTHUR W. SCHAPPELL, M.D. 
NEW YORK 


OUTINE sensory examinations are usually carried out with the 

method of single stimulation. This appears to be adequate, but it 
does not always reveal existing defects in sensibility. For example, one 
cutaneous region of the body may be sentient to a single stimulus. How- 
ever, this very point thus tested may become insentient when it and 
a point in a homologous region on the opposite side are simultaneously 
stimulated. Thus, with the method of double simultaneous stimulation 
there occurs a disappearance, or “extinction,” of sensation from a part 
of the body which is not anesthetic on routine examination.’ This 
“extinction” is not always complete, for at times the patient reports 
dulling, or “obscuration,” rather than complete disappearance of sensa- 
tion. The various aspects of the phenomena of extinction and obscura- 
tion have been discussed in previous communications.’ 


This work was aided in part by a grant from the Dazian Foundation for 
Medical Research. 

From the Department of Neurology, New York University College of 
Medicine and Bellevue Psychiatric Hospital. 


1. In this, as in previous communications, the term “extinction” is not 
meant to carry any connotations in reference to theory of function or mechanism 
within the central nervous system. It is merely a word descriptive of the obser- 
vation that a previously perceived stimulus may no longer be felt when only one 
condition of stimulation is changed, this change being the simultaneous applica- 
tion of a second stimulus. 


2. (a) Bender, M. B., and Furlow, L. T.: Phenomenon of Visual Extinction 


in Homonymous Fields and Psychologic Principles Involved, Arch. Neurol. 
& Psychiat. 53:29-33 (Jan.) 1945. (b) Bender, M. B.: Extinction and Precipi- 
tation of Cutaneous Sensations, ibid. 54:1-9 (July) 1945. (c) Bender, M. B., 
and Teuber, H. L.: Phenomena of Fluctuation, Extinction and Completion in 
Visual Perception, ibid. 55:627-658 (June) 1946. (d) Bender, M. B.: The 
Advantages of the Method of Simultaneous Stimulation in the Neurological 
Examination, M. Clin. North America, New York Number, 1948, pp. 755-758. 
(e) Wortis, S. B.; Bender, M. B., and Teuber, H. L.: The Significance of the 
Phenomenon of Extinction, J. Nerv. & Ment. Dis. 107:382-387, 1948. 
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It was shown that extinction occurs oftenest in patients with lesions 
implicating the sensory projection areas. The phenomenon may be found 
in tests of every modality. Extinction in vision and hearing have been 
described.* 

The object of the present investigation was to determine (a) the 
method which is most successful in eliciting the phenomenon of extinc- 
tion; (b) the pattern in which extinction manifests itself on the paretic 
side in cases of cerebral hemiplegia,* and (c) the frequency with which 
extinction of cutaneous sensibility to pinprick occurs in patients with 
hemiplegia. 

MATERIAL 


Fifty patients with hemiplegia were selected at random from the medical 
and psychiatric wards of Bellevue Hospital. Their ages ranged from 29 to 74 
years. At the time the special sensory examination was performed the hemiplegia 
had been in existence in some cases for one day and in other cases for over ten 
years. Thirty-five patients had left and 15 had right hemiplegia. The cause of 
the hemiplegia was vascular disease of the brain in 42 patients, tumor of the 
brain in 3 patients and cerebral trauma in 5 patients. Patients with aphasia 
or psychosis who showed consistent responses in the sensory examination were 
included in the series. Even patients with advanced mental deterioration may 
disclose consistent alterations in sensation.3> 


METHOD AND ILLUSTRATIVE CASE 


In this study the cutaneous sensory status of the patient with hemiplegia was 
first estimated by the customary method of single stimulation with the prick 
of a pin. The patient was asked to report whether he felt a sharp or a dull 
sensation. Various regions of the body were thus tested and compared for the 
degree of sensibility. 

The same patient was then examined with the method of double simultaneous 
stimulation. Three variations of the method were employed: simultaneous stimu- 
lation of points in homologous regions on the two sides of the body, such as 
the right and the left hand, or the right and the left side of the face (figure, A) ; 
simultaneous stimulation of points in nonhomologous regions on the two sides 
of the body, such as the right side of the face and the left hand, or the right 
shoulder and the left side of the face (figure, B), and simultaneous stimulation 
of points in two different regions on the same side of the body, such as the 
right side of the face and the right hand, or the right hand and the right foot 
(figure, C). On each test the patient was asked to report the location and 
quality of sensations. When the patient reported only one sensation, he was 
asked whether he felt another in any other region of the body. If he felt two 


3. (a) Bender and Furlow.2@ (b) Bender, M. B.; Wortis, S. B., and 
Cramer, J.: Organic Mental Syndrome with Phenomena of Extinction and 
Allesthesia, Arch. Neurol. & Psychiat. 59:273-291 (March) 1948. (c) Reider, 
N.: Phenomena of Sensory Suppression, ibid. 55:583-590 (June) 1946. 

4. The term hemiplegia as used in this article includes any degree of motor 
impairment of one side of the body resulting from a lesion in the cerebral hemi- 
sphere. The impairment may range from complete to the mildest type of motor 
difficulty. 
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sensatioris evoked by the simultaneous method, he was asked to compare them. 
In all these sensory examinations the patient kept his eyes closed. 
A typical case study is offered as an illustration: 


H. W., a Negro woman aged 39, a housewife, with a long-standing history 
of arterial hypertension, had a vascular accident on the right side of the brain 
on June 28, 1947. The ictus was characterized by sudden onset of transient 
coma, paralysis of the left side of the face and the left upper extremity, confusion 
and restlessness. She was admitted to Bellevue Psychiatric Hospital on July 
14, because of the mental symptoms. Neuropsychiatric examination disclosed 
that she was restless and somewhat confused. There were left hemiparesis, most 
pronounced in the upper extremity, concomitant hyperreflexia, a Babinski sign 
and left homonymous hemianopsia. 


A, simultaneous stimulation of homologous regions on the two sides of the 
body (method A). In the three parts of this figure, the arrow marks connected 
by lines of dashes indicate two points simultaneously stimulated. Any two points 
in homologous regions may be selected. 


B, simultaneous stimulation of two nonhomologous regions on the two sides 
of the body (method B). C, simultaneous stimulation of two far removed regions 
of the same side of the body (method C). 


Routine sensory examination with single stimulation revealed no apparent 
defects in cutaneous sensation in any part of her body. She reported perception 
of pinprick as a sharp stimulus and as a rule correctly localized the point 
of stimulation. She claimed that there was no difference in sensibility between 
the two sides of the body. However, with the method of double simultaneous 
stimulation a consistent defect was noted on her left side. Extinction always 
occurred on the left, or hemiplegic, side of the body. The results of the tests 
obtained by the method of double simultaneous stimulation are recorded in tables 
1, 2 and 3. 


/ | / 
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In summary, we found that routine testing with the method of single stimu- 
lation failed to reveal the presence of a sensory defect. With the use of double 
simultaneous stimulation consistent defects became apparent on the left side. The 
outstanding features in this case, and in many other cases in this series, were 
the constancy with which extinction occurred and the consistent pattern of the 
sensory deficits obtained under these conditions. 


TaBLe 1.—Simultanevus Stimulation of Homologous Regions on the Two Sides 
vj the Body (Method A) 


Regions Simultaneously Region in Which Perception 

Stimulated Became Extinct 
Right side of face and left side of face Left side of face 
Right shoulder and left shoulder Left shoulder 
Right hand and left hand v Left hand 
Right foot and left foot Left foot 
Right side of thorax and left side of thorax Left side of thorax 

(inconstant) 


TABLE 2.—Simultaneous Stimulation of Nonhomologous Regions on the Two 
Sides of the Body (Method B) 


Regions Simultaneously Region in Which Perception 
Stimulated Became Extinct 
Right side of face and left shoulder Left shoulder 
Right side of face and left hand Left hand 
Right side of face and left side of thorax Left side of thorax 
Right side of face and left foot Left foot 


TaBL_e 3.—Simultaneous Stimulation of Two Different Regions on the Left 
(Hemiplegic) Side (Method C)* 


Regions Simultaneously Region in Which Perception 
Stimulated Became Extinct 

(a) Left side of face and left shoulder Left shoulder 

Left side of face and left hand Left hand 

Left side of face and left side of thorax Left side of thorax 

Left side of face and left foot Left foot 
(bo) Left shoulder and left hand Left hand 

Left shoulder and left side of thorax No extinction 

Left shoulder and left foot No extinction 
(c) Left hand and left foot Left hand 

Left hand and left side of thorax Left hand 


* On simultaneous stimulation of two different regions on the right side, the patient 
= a that she felt two sensations of equal intensity, both of which were correctly 
localized. 


RESULTS 


Methods Which Were Most Effective in Eliciting Extinction —The 
most effective method of double simultaneous stimulation for eliciting the 
phenomenon of extinction was found to be method B, the simultaneous 
stimulation of nonhomologous regions on the two sides of the body, 
especially the face on the healthy side and the hand on the hemiplegic 
side. With this method (particularly with the normal face and the 
affected hand) extinction was found in 44 patients. 
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The next most effective technic was method C, the simultaneous 
stimulation of two regions on the side of the hemiplegia, e. g., the face 
and hand or the shoulder and hand on the affected side. With this 
method, 41 patients showed the phenomenon of extinction. With 
method A, the simultaneous stimulation of homologous areas on the 
two sides of the body, 39 patients showed extinction of sensation. 

Patterns of Sensory Dominance on the Paretic Side—Although in 
the phenomenon of extinction we have stressed the disappearance or 
decrease of a sensation, we have not overlooked the other aspect of the 
situation obtained on double simultaneous stimulation, namely, the non- 
alteration, or retention, of a sensation. We shall refer to the sensation 
which is retained as dominant and the one which disappears as extinct. 

Relation of the face to other regions of the body: In our study we 
found that the face was dominant over all other regions of the body on 
the hemiplegic side in almost all instances. In 39 of the 41 patients 
who showed extinction with method C, the face was dominant. In 
2 patients sensory dominance occurred in the lower extremity. In other 
words, when the face and any other part of the body were simultaneously 
stimulated, the sensation in the face was perceived and the sensation in 
the other parts was diminished or reported as “extinct.” These results 
were consistent on repeated examinations. 

Relation of Hand to Shoulder: On routine sensory examination of 
a patient with hemiplegia, one finds that the sensory deficit is greater 
in the hand and less in the shoulder. With method C, the affected 
shoulder appeared to be dominant over the affected hand. Thus, 20 
patients reported that simultaneous stimulation of the affected hand and 
shoulder resulted in either extinction or obscuration of perception in the 
hand. However, in 11 patients the hand appeared dominant. Ten 
patients reported no significant alteration in sensation when the hand 
and the shoulder were stimulated simultaneously. Results for 3 patients 
could not be classified. 

Relation of Upper Extremity to Lower Extremity: Regions in the 
lower extremity were dominant over regions in the upper extremity, 
especially with respect to the hand. Twenty-three of the patients who 
showed some form of extinction reported that perception of pinprick in 
the upper extremity was diminished when the lower extremity was 
simultaneously stimulated. In 8 patients this pattern was reversed; the 
upper extremity was dominant over the simultaneously tested lower 
~ 5. It is known that in most cases of hemiplegia and concomitant hemi- 
hypalgesia the sensory deficit is much greater in the upper extremity, especially 
the hand, less in the lower extremity and least in the face. As a corollary, the 
reverse is true for retention of sensation; i.e., sensation in the face is better than 
sensation in the lower extremity, which, in turn, is better than that in the upper 
exremity. It is not surprising, therefore, that the area with a less pronounced 


sensory deficit (leg and foot) should dominate over an area with a greater deficit 
(arm and hand). 


722 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


extremity. Six patients showed variation in dominance during 
any one examination. Seven patients showed neither extinction nor 
obscuration on simultaneous stimulation of regions in the upper and 
the lower extremity on the hemiplegic side, i. e., with method C. 


Phenomenon of Displacement—A phenomenon which appeared to 
be directly related to sensory dominance was. that of “displacement.” 
This was clearly evident when nonhomologous regions on the two sides 
of the body were simultaneously tested. With method B some patients 
reported that they felt two sensations of equal intensity, there being 
no extinction. Sensation was localized correctly on the normal side. 
However, the sensation evoked by the stimulus applied to the affected 
side was incorrectly localized. This mislocalization always occurred in a 
constant direction; there was ipsilateral displacement toward a region 
which was homologous to the point of stimulation on the normal side, 
and usually toward dominant sensory regions. Thus, if a pinprick 
was simultaneously applied to the face on the normal side and the hand 
on the hemiplegic side, the patient insisted that both sides of the face 
had been stimulated; or if the hand on the normal side and the face 
on the paretic side were simultaneously tested, the patient reported that 
both hands had been pricked. The phenomenon of “displacement” was 
most apparent when the normal side of the face and the hemiplegic 
hand were simultaneously pricked, the patient reporting that he felt 
a pinprick on each side of the face. The incidence of displacement varied 
among the patients studied. 

Frequency of Occurrence of Sensory Extinction—With use of the 
various methods of double simultaneous stimulation a high incidence 
of sensory deficit was found. Thus, of the 50 patients in our series, 
44 showed various forms of extinction. On the other hand, routine 
examination with single stimuli revealed that only 29 of the patients in 
the series showed some degree of sensory impairment on the hemiplegic 
side. Moreover, in 28 of the 29 patients the sensory defects became 
much more conspicuous when the methods of double simultaneous stimu- 
lation were employed. Thus, there were 15 patients in whom routine 
single stimulation had failed to disclose impairment of sensation, whereas 
the method of double stimulation showed extinction. 


COMMENT 

From the foregoing data, it is apparent that with use of different 
technics in the simultaneous comparisons of two different regions of the 
body sensory disorders not apparent with routine testing of single 
regions can be uncovered. One cutaneous area of the body my seem 
to be sentient, but the same region becomes defective in relation to 
another when both are tested simultaneously. Evidently sensation in one 
area influences that in another. Depending on the stimulus in region A, 
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the simultaneous stimulation of region B may evoke (1) no sensation in 
region B (extinction), (2) a diminution of sensation in region B 
(obscuration) or (3) an equally intense sensation ipsilaterally dis- 
placed in its localization in the direction of region A (displacement). 

It is known that satisfactory interpretation of perceptual defects can- 
not be derived from a few tests. Often the responses may be transient or 
varied. Nevertheless, when examinations show defects which are con- 
sistent in localization and in the pattern of distribution, they assume 
clinical significance. One of the significant findings in this study is the 
demonstration of sensory deficits in patients with a severe psychosis 
or aphasia. Usually such patients are considered incapable of giving 
coherent or consistent answers in routine sensory examinations. The 
psychotic or aphasic person has trouble in expressing comparisons 
between two successively induced sensations. This difficulty is obviated 
by double simultaneous stimulation. With this technic the psychotic or 
aphasic patient usually responds by pointing to the sentient or “domi- 
nant” region, and he ignores the region which is apparently “extinct.” 
This type of response has been found to be present on repeated tests. 
The fact that the patient almost invariably reports that he “feels” in cer- 
tain regions and consistently ignores other regions shows the existence 
of a pattern in the cutaneous modalities of the whole body or body 
scheme. Regions on one side of the body might be dominant in rela- 
tion to homologous regions on the opposite side. This dominance is 
apparent in those regions of the body which are more sentient. Con- 
versely, extinction or obscuration occurs in regions of the body which 
are less sentient. The relation between degree of preservation of sensi- 
bility and dominance, however, is not always present. We have found 
cases in which dominance apparently occurred on the less sentient side.® 
Moreover, displacement may occur toward an area which is hypesthetic 
or anesthetic. However, this anesthetic area is painful, as in causalgia 
or phantom limb.” 

This study also shows the presence of a distinct pattern in sensa- 
tion on the hemiplegic side. There appears to be an order of dominance, 
or a gradient, in the sensibility of different regions on the affected side. 
Roughly, the order of descending dominance appears to be the face, 
thigh, shoulder, foot and hand. This order corresponds to the pattern 
of sensory deficit observed in paients with cerebral lesions, in whom 
the upper extremity is most involved and the acral regions of the extremi- 
ties on the affected side are less sentient than the proximal portions and 
the trunk. ; 

The displacement phenomenon, such as the mislocalization of a sensa- 
tion from the affected hand to the affected side of the face, observed 


6. Bender, M. B.; Shapiro, M., and Teuber, H. L.: Allesthesia and Dis- 
turbances in the Body Scheme, J. Nerv. & Ment. Dis. 108:253-259, 1948. 
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with method B, seems to be related to the phenomenon of extinction. 
In some cases, when no other method of sensory examination reveals 
a disorder, examination with method B may show displacement of 
sensation. As the disease progresses, double simultaneous stimulation 
with method B may show fluctuation in responses, displacement toward 
the dominant region or extinction in the affected area. With further 
progression of the disease, only extinction will occur. 

The displacement phenomenon, as previously described, may also be 
related to allesthesia, or the displacement of a sensation from one side 
of the body to the opposite side. In the cases of allesthesia which we 
have studied, we have usually observed that extinction was present 
when various methods of double simultaneous stimulation were employed. 
However, allesthesia was found only in patients who had a clouded 
sensorium, associated with pronounced mental defect. Although mental 
defects tended to make the phenomenon of extinction or displacement 
more apparent, they were not absolute prerequisites for the occurrence 
of these phenomena. It appeared that the more diffuse the cerebral dam- 
age, the more likely are these mislocations and extinctions in cutaneous 
sensations to occur. The latter conclusion was drawn from observations 
in our series of cases, in which there was a high incidence of extinction 
correlated with signs of diffuse cerebral involvement. 


SUMMARY 


The perception of a stimulus may be altered by the simultaneous 
application of an additional stimulus in a different region of the body. 

Simultaneous stimulation of (a) homologous regions on the two sides 
of the body, (b) nonhomologous regions on the two sides of the body or 
(c) two far removed regions on the same side of the body are some of 
the methods which can be used in cutaneous sensory examinations. 

These methods reveal sensory deficits not observable on routine 
single stimulation. 

In a series of 50 patients with hemiplegia due to cerebral disease, 
it was discovered that 29 showed some degree of sensory impairment 
on routine testing with single stimulations. However, with the methods 
of double simultaneous stimulation, 44 of the patients showed alterations 
in sensation. 

The types of deficits which might be elicited with the methods of 
double simultaneous stimulation are extinction, obscuration and displace- 
ment of a sensation. 

The patterns of the alterations in sensation found in extinction, 
ohscuration and displacement are discussed. 


400 East Thirtieth Street (16). 


USE OF LANGUAGE IN DREAMS IN ANALYSIS 
OF APHASIC DEFICITS 


HERBERT GOLDHAMER, Ph.D. 
CHICAGO 


HE EXTENT to which brain injuries productive of sensory and 

motor aphasia preclude the effective use of subvocal language is 
imperfectly known. Since any attempt to test central functions must 
necessarily involve sensory and motor activity, it is extremely difficult 
to determine in aphasic persons whether deficits revealed by tests involve 
an incapacity for the subvocal use of language or reflect the loss of 
other skills required for the apprehension and execution of the task. 
Thus Head tended to emphasize central disorders of symbolic formula- 
tion, whereas Kinnier Wilson stated the belief that many of the symp- 
toms Head described were apraxic or agnosic in character. It occurred 
to me that the problem of subvocal language in aphasic patients could 
profitably be investigated by studying speech patterns in their dreams. 
In this way it might be possible to determine what types of aphasia are 
accompanied with a disturbance of “inner speech.” 

The following material was secured during World War II from 
patients in an overseas Army general hospital. Only two dreams of 
aphasic patients are recorded here. Twelve other aphasic patients who 
were in a position to understand the inquiry denied having dreams, and 
the 2 patients who did report dreams denied having any dreams (sub- 
sequent to their cerebral wounds) other than the single dream each 
reported.*_ No conclusions can be drawn from these two dreams. They 
are reported here to indicate a method of inquiry and in the hope that 
others will be encouraged to gather and report additional cases. In this 
way a series may be built up which will contribute to knowledge of 
“inner speech” among aphasic persons. 

Case 1.—A junior officer aged 35, with two years of high school education and 


considerable self education, received a penetrating wound in the left hemisphere. 
The patient was right handed. 


The patient reported his dream three weeks after operation. At this time his 
primary language deficit was in emissive speech. He had no difficulty in under- 
standing spoken language and only slight difficulty in understanding written 


From the University of Chicago. 

1. The apparent poverty of dream life among the aphasic paticits may in itself 
be significant for the problem under investigation, but no control information con- 
cerning the frequency of dreams among other types of patients was secured. 
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language. He could express himself very well in writing, although he had con- 
siderable difficulty in writing with his left hand (right hemiplegia). Emissive 
speech and reading were hesitant and tended to be explosive. There were consid- 
erable difficulty in word finding and some distortion. Spontaneous speech at this 
time was restricted. 


The patient’s dream was reported partly in response to a general question and 
partly in response to questions asking for elaboration and additional information. 
In putting the latter, care was exercised to avoid suggesting any particular type 
of answer. The dream was as follows: The patient was at home. In a room 
were his wife, his sister-in-law and his two children. The patient wished to 
inquire how the children had been getting along. He did not speak directly to 
his wife or to the children. He talked to his wife through an intermediary (the 
patient’s own word), his sister-in-law, asking about the children. He asked sev- 
eral questions and received replies from his sister-in-law. The patient thought 
that his speech in the dream was normal, but he was clearly uncertain about this, 
and no effective resolution of his doubt could be obtained. During the dream he 
had no sense of strangeness in speaking to his wife through his sister-in-law, but 
in reporting the dream he called it “far fetched,” saying that he meant by this 
that in the dream he had addressed himself to his wife through his sister-in-law. 
An attempt was made to determine whether any emotional involvements in his 
relations with his wife, family and relatives might account for the special role 
played by his sister-in-law in this dream. It was not possible to carry this inquiry 
very far, but no indications of such a nature were obtained. 


Case 2.—An enlisted man aged 24, single, with an eighth grade education, 
received a penetrating wound of the left hemisphere. The patient was right handed. 


This patient reported his dream one week after operation. At this time he was 
severely aphasic. missive speech was extremely restricted. Under moderate 
pressure the patient could answer simple questions asking for his age, birthplace, 
unit and serial number. If not encouraged by repeated questions, and often even 
when this was done, he would say “I can’t say it.” Questions capable of “yes” 
and “no” responses were more readily answered. Spontaneous speech was wholly 
absent. Object naming was defective. The patient had somewhat greater ability 
to read aloud, but the defect was nonetheless severe. Writing also showed a severe 
deficit. Comprehension of spoken language appeared to suffer little impairment. 


After the patient indicated that he had had a dream, a satisfactory method 
of eliciting material had to be developed. It was impossible to elicit any dream 
content by a general request for an account of it. Part of the dream was elicited 
through questions, such as “Who was in the dream?” or “Where were the people 
in the dream?” Part of the interrogation was carried on by propounding ques- 
tions capable of an affirmative or a negative answer. Questions were asked both 
orally and in writing, and the patient gave both spoken and written answers, 
although the latter was his method of choice. Owing to perseverative tendencies 
and the speed with which fatigue set in, all questions were repeated in three dif- 
ferent sessions during the same day in order to check on consistency of response. 
From this inquiry only the following aspects of the dream could be elicited with 
an adequate degree of certainty: The patient was at home. He was with his 
father and a brother. He talked to them. He had difficulty in speaking. He 
spoke better than in his present (hospitalized) waking condition but not as well as 
he did prior to being wounded. He was aware (in the dream) of his difficulty 
in speaking and noted (in the dream) that his father and brother did not seem to 
observe anything wrong with his speech. 
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Each of the dreams reported here presents special features in the 
use of language within the dreams. In the first case, although the actual 
status of the patient’s speech in the dream could not be determined, he 
reported the use of an intermediary in speaking to his wife. In the 
second case, the patient reported actual speech difficulties in the dream 
and an awareness of this difficulty within the dream state. In this case 
(and probably in the first case also) the dream speech was nonetheless 
superior to waking speech. 


These dreams were reported shortly after combat and operative 
trauma, when the patients were very conscious of their speech difficulties. 
It is possible, therefore, that the speech peculiarities of the dreams 
represent a dreaming about the patients’ speech difficulties rather than 
an actual speech deficit in the dream state. It should, however, be pos- 
sible to clarify this question by collecting series of dreams from patients 
who are well past the operative stage and who have made some adjust- 
ment to their language handicaps. The persistent reporting of language 
difficulties over a series of dreams of a patient of this type could prob- 
ably be safely interpreted as an actual deficit in the dream state. 

Neither of the 2 patients whose cases are discussed had difficulty in 
understanding spoken language. It would be valuable to determine 
whether patients with marked sensory aphasia report difficulty in under- 
standing what is said by those who speak to them in their dreams. 


University of Chicago. 


PSYCHIATRIC ASPECTS OF VAGOTOMY 
IV. Phantom Ulcer Pain 


THOMAS S. SZASZ, M.D.* 
CHICAGO 


i THE COURSE of a psychiatric study of patients with peptic ulcer 
treated by vagotomy * a syndrome characterized by the persistence of 
the pain of the ulcer after operation was encountered in a number of 
cases. Several patients were observed who, in general, responded to 
vagotomy in the following manner: Immediately after the operation 
the pain of the ulcer was relieved and the lesion healed, as demonstrated 
roentgenologically. Then, usually within a few weeks, the preoperative 
abdominal symptoms returned, and the patient felt it mecessary to 
resume taking milk or antacids, or even to return to the former diet. 


This syndrome seems to be one of the clearcut sequelae of vagotomy. 
Moore,” for example, in a series of 74 patients, encountered 2 with “ulcer 
pain” but without a demonstrable ulcer. No satisfactory explanation 
has as yet been put forward to account for the persistence of symptoms 
of ulcer in such circumstances. Perhaps the commonest tendency is 
to maintain that the patient still has an ulcer because he still has pain, 
and simply to say that roentgenologic examination has failed to 
demonstrate the lesion. This is not a logical explanation, particularly 
in cases in which healing of the lesion following vagotomy could be seen 
roentgenologically. If one is to accept the criterion of roentgenologic 
visualization of healing in patients who improve after vagotomy, then 
one must accept the same criterion for patients who fail to improve. 


Some clinicians, on the other hand, tend to account for these symptoms 
in a manner analogous to the diagnostic labeling of the patient with 
symptoms of ulcer (without a vagotomy) in whom a lesion cannot be 


*Research Fellow, Chicago Institute for Psychoanalysis. 


This report is based on work done while the author was assistant resident 
in psychiatry at the University of Chicago Clinics. 

1. (a) Szasz, T. S.: Phychiatric Aspects of Vagotomy: A Preliminary 
Report, Ann. Int. Med. 28:279-288 (Feb.) 1948; (b) Psychiatric Aspects of 
Vagotomy: II. A Psychiatric Study of Vagotomized Ulcer Patients, with Com- 
ments on Prognosis, Psychosom. Med., to be published. 

2. Moore, F. D.: Vagus Resection for Ulcer: An Interim Evaluation; 
II. Clinical Results, Ann. Surg. 126:664-678 (Nov.) 1947. Moore, F. D.; Chap- 
man, W. P.; Schulz, M. D., and Jones, C. M.: Resection of the Vagus Nerves 
in Peptic Ulcer, J. A. M. A. 183:741-749 (March 15) 1947. 


728 


SZASZ—PSYCHIATRIC ASPECTS OF VAGOTOMY 729 


demonstrated. Such patients are often said to suffer from “functional 
bowel distress” (or some other, similar term may be used). The post- 
vagotomy ulcer pain syndrome is thus sometimes attributed to “func- 
tional bowel distress.”” However, this, too, is an unsatisfactory explana- 
tion. How can one maintain that a sensation is “ulcer pain’’ before 
vagotomy and that the same sensation is some other pain afterward? 

It appeared that the syndrome described might be interpreted as a 
phantom sensation. It is the purpose of this communication to present 
the clinical data and the theoretic considerations on which this hypoth- 
esis is based. 

CLINICAL OBSERVATIONS 


In a series of 25 patients with peptic ulcer treated by vagotomy, 2 
who manifested persistent ulcer pain were encountered. Brief sum- 
maries of their histories follow. 


Case 1.—E. L., a real estate salesman aged 62, had had symptoms of peptic ulcer 
for at least twelve years prior to vagotomy. In November 1946, he was hospitalized, 
and roentgenologic examination showed a chronic duodenal ulcer. A subdiaphrag- 
matic vagotomy, without gastroenterostomy, was performed at that time. After a 
brief period of symptomatic improvement, the original pain returned, and the 
patient felt he was in no better condition than before the operation. The pain was 
relieved by milk, and sometimes even by water. 

Case 2.—X. Y., a professional man aged 65, had had symptoms of peptic ulcer 
for forty-five years prior to vagotomy. Throughout these many years the patient 
had adhered closely to his diet except when on vacation, during which time the 
symptoms of ulcer had regularly subsided. While working, he was in the habit of 
taking small quantities of milk many times during the day, sometimes as often as 
every hour, and two or three times during the night. After vagotomy, improve- 
ment lasted hardly two weeks; then the old symptoms returned and were relieved 
by milk and by his return to a diet. 


In this case, as in case 1, healing of the lesion was demonstrated by roentgen 
examination. 

Comment.—lIt may be noted that both patients in whom this syndrome 
developed were in their sixties. Both had had symptoms of ulcer for a 
very long period, one patient for twelve and the other for forty-five 
years prior to vagotomy. It is this long-continued perception of ulcer 
pain, and its regulation by certain well established technics, that led to 
the assumption that “the ulcer” in such cases may become part of the 
patient’s “body image.” 


THEORETIC CONSIDERATIONS 
The development of a so-called phantom sensation is closely depend- 
ent on the body image.* In other words, a phantom sensation can involve 
only those parts of the body which have a mental representation. One 


3. Schilder, P.: The Image and Appearance of the Human Body, London, 
George Routledge & Kegan Paul, Ltd., 1935. 
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thus comes to ask in what manner the body image arises. Fenichel 
answered this question in a concise manner, as follows: 

Due to the simultaneous occurrence of both outer tactile and inner sensory 
data, one’s own body becomes something apart from the rest of the world and thus 
the discerning of self from nonself is made possible. The sum of the mental 
representations of the body and its organs, the so-called body image, constitutes 
the idea of I and is of basic importance for the further formation of the ego.* 

It is therefore clear that the body image depends on and results from 
sense perception. This also accounts for the fact that most of the 
visceral organs do not ordinarily have an intrapsychic representation 
and thus are not part of the body image.* According to Schilder,® one 
perceives the inside of the body only as a “weight” (gravity). 


What happens, however, when a person experiences a chronic 
painful sensation from a visceral organ? It would appear that the 
perception of such a sensation over a sufficiently long period, as in the 
case of ulcer pain, would constitute the necessary (peripheral) stimulus 
for the development of a corresponding mental representation. Again, 
we may quote from Fenichel: 

an individual’s own body and its organs are represented intrapsychically 
by means of a sum of memories of sensations and their interrelations. The “body 
image” thus created has great significance for the ego. It is not simply identical 
with the real body. Clothes, amputated members, or even one’s automobile may 
be included in the body image, whereas “alienated” organs are excluded from it. 
Hence there are also “intrapsychic organ representations.” * 

It is suggested that in some cases of chronic peptic ulcer “the lesion” 
may become part of the patient’s body image, or, in other words, 
analogous to an “intrapsychic organ representation” there may be the 
“intrapsychic representation of a lesion.” For this, one may further 
conclude that the persistence of symptoms after vagotomy and their 
relief by certain technics more or less exactly as they were experienced 
by the patient during the preoperative phase of the illness is in the 
nature of a phantom sensation, a “visceral phantom pain.” 


This concept is in accord with Freud’s views on the subject. The 
following quotation from “Inhibitions, Symptoms and Anxiety” is 


4. Fenichel, O.: The Psychoanalytic Theory of Neurosis, New York, W. W. 
Norton & Company, Inc. 1945, p. 36. 

5. The stomach, which becomes distended when full and to which one refers 
other sensations, such as hunger, undoubtedly has an intrapsychic representation. 
However, organs like the liver, spleen or kidneys cannot be part of the body image. 

6. Schilder, P.: Brain and Personality, New York, Nervous & Mental Dis- 
ease Publishing Company, 1931, p. 60. 

7. Fenichel,* p. 261. 
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included because it so clearly describes the psychic processes involved in 
the development of phantom pain, although Freud did not specifically 
refer to this phenomenon. He stated: 


When there is physical pain a high degree of what may be termed narcissistic 
cathexis of the painful place occurs. This cathexis continues to increase and tends, 
as it were, to empty the ego. It is well known that when internal organs are giving 
pain spatial and other images of the affected part of the body arise, though that 
part is not represented in conscious ideation on other occasions. Again, the 
remarkable truth that when the mind is diverted to some other interest by psycho- 
logical means even the most intense physical pains fail to arise (I must not say 
“remain unconscious” in this case) can be accounted for by the fact that there is a 
concentration of cathexis on the psychical representative of the part of the body 
which is giving pain. I think it is here that we shall find the point of analogy 
which has enabled us to carry sensations of pain over to the mental sphere. For 
the economic conditions that are produced by the intense cathexis of longing which 
is concentrated on the missed or lost object (a cathexis which steadily mounts up 
because it cannot be appeased) are the same as the economic conditions that are 
produced by the cathexis of pain which is concentrated on the injured part of the 
body. Thus the element of the peripheral causation of physical pain can be left out 
of account. The transition from physical pain to mental pain corresponds to a 
change from narcissistic cathexis to object-cathexis.® 

This beautiful analogy of Freud’s between the psychic processes involved in 
mourning, on the one hand, and those concerned with the experiencing of physical 
pain (and phantom pain), on the other, finds striking confirmation in a recent case 
report by Pisetsky. (Pisetsky, J. E.: Disappearance of Painful Phantom Limbs 
After Electric Shock Treatment, Am. J. Psychiat. 102:599-601 (March) 1946). 
This author described the development of painful phantom limbs, together with a 
depressive psychosis, in a man aged 55 after traumatic loss of both legs. Electric 
shock treatment resulted in “improvement in the psychosis and disappearance of the 
painful phantom limbs.” 


One may now ask what determines whether a patient has such 
phantom ulcer pain after vagotomy. In other words, why does not 
every patient with a long-standing history of symptoms of ulcer exhibit 
this syndrome? It must be stated at once that these questions cannot 
be answered satisfactorily at present. One must be satisfied with having 
drawn an analogy between well known examples of phantom sensations, 
such as the phenomena of “phantom limb” and “phantom limb pain,” on 
the one hand, and “phantom ulcer pain,” on the other. 

With respect to phantom ulcer pain, a few tentative suggestions 
may be made at this time. It appears from rather limited case material 
that patients with symptoms of ulcer of very long duration wouid be most 
prone to “incorporate” the symptom complex into their egos. Another, 
perhaps noteworthy, feature of both the present cases was the fact that the 


8. Freud, S.: Inhibitions, Symptoms and Anxiety, London, Hogarth Press, 
1948, pp. 170-171. 
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illness (and thus the symptoms of ulcer) was very much ego syntonic ; 
in other words, the patients did not “resent” their symptoms, liked their 
diets and did not mind living with their illness. One may perhaps 
conclude that these features point to a relatively intense narcissistic 
cathexis of the illness. A more thorough study of such patients would be 
necessary to establish this point. In general, one would expect that an 
intense libidinal investment of the symptoms would constitute an 
important predisposing factor to the development of visceral phantom 
pain. 

The development of phantom ulcer pain highlights the (psychic) 
economic significance of all chronic painful diseases. Such conditions, 
as indeed all symptoms, become, so to speak, “built into” the personality 
of the patient; it is therefore not to be expected that they can be made 
to “disappear” completely by the removal of the somatic components of 
the syndrome. In a study of the psychologic factors playing a role in the 
outcome of vagotomy for the total personality, it was found that prognosis 
depends, in large part, on the degree to which the illness (i. e., the 
symptoms of ulcer and the therapeutic measures) is invested with 
psychic energy. The greater this investment (cathexis), the greater 
is the economic role of the illness and the worse is the prognosis.® 


Finally, it may be noted that, in contrast to the phantom pain of the 
extremities, in the case of phantom ulcer pain following vagotomy no 
(significant) sensory pathways are severed. Ulcer pain is transmitted 
by sympathetic nerve fibers.*° This point brings up the obscure role of 
the peripheral neural apparatus in relation to phantom sensations. 
Phantom limb pain is sometimes relieved by resection of a neuroma in.the 
amputation stump; more often, such a procedure has no influence on 
the symptoms. Since vagotomy does not interrupt the pathway by 
which ulcer pain is mediated, a study of phantom ulcer pain may throw 
light on the question of whether an intact afferent innervation facilitates 
or hinders, or perhaps—and most likely—has no effect at all on the 
development of phantom pain. 


SUMMARY AND CONCLUSIONS 


Psychiatric studies of patients with peptic ulcer treated by vagotomy 
revealed that one of the sequelae of this operation is a syndrome charac- 
terized by the persistence of symptoms of ulcer in spite of roentgenologic 
evidence of healing of the lesion. 


9. Further details of the psychologic factors which influence the results of 
vagotomy are discussed elsewhere (Szasz 1»). 

10. Dragstedt, L. R.; Woodward, E.; Harper, P. V., and Storer, E.: Mechan- 
ism of Relief of Ulcer Distress by Gastric Vagotomy, Gastroenterology 10:200-204 
(Feb.) 1948. 
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The hypothesis is proposed that the persistence of ulcer pain in such 
circumstances represents a phantom sensation (“visceral phantom pain’). 

In support of this hypothesis, certain clinical and theoretic data are 
presented. It is suggested that in certain circumstances a visceral lesion, 
such as peptic ulcer, may become part of the patient’s body image. 
An organic procedure which then leads to the disappearance of the lesion 
may thus be followed by the appearance of phantom sensations, in this 
instance, phantom pain simulating “ulcer pain.” Psychologic factors 
which may predispose to the development of this syndrome are briefly 
discussed. 


737 North Michigan Avenue (11). 


PROJECTION OF DERMATOMES ON THE 
SUBSTANTIA GELATINOSA 


JOHN SZENTAGOTHAI 
AND 


TIBOR KISS 
PECS, HUNGARY 


T IS known that dorsal root neurons conducting different types 
of sensation run a different course after entering the spinal cord and 
terminate in different nuclei. Knowledge of the exact course of path- 
ways for the several modalities of sensation, however, is still fragmen- 
tary. A wide gap remains especially between the primary sensory root 
neurons and the better known longer central pathways containing the 
secondary sensory neurons. It is not known exactly on which ganglion 
cells the dorsal root fibers subserving different functions terminate and 
whether this second group of ganglion cells contribute fibers to the long 
ascending tracts or internuncial ganglion cells with a short axon deliver 
the sensory impulses to a third group of neurons, with a longer axon. 
Especially defective is information concerning the exact termination 
of neurons within the spinal cord and the brain stem which belong 
to receptors situated in different parts of the sensory segment, i. e., the 
ventral and dorsal parts of the dermatome of the spinal nerves. The 
solution of this problem is attempted in the present investigation with 
the aid of the bouton degeneration method. Since, as a result of a 
large series of investigations, beginning with the admirable work of 
Ranson,’ the termination of primary sensory neurons concerned with 
pain sense is relatively clear, we focused our attention in the present 
studies on the nuclei of termination for pain impulses—the nucleus 
of the spinal tract of the trigeminus nerve and the substantia gelatinosa 
(gelatinous substance of Rolando). 


MATERIALS AND METHODS 


In a series of experiments, we placed lesions in various parts of the gasserian 
ganglion of cats in order to destroy the ganglion cells belonging to the different 
branches of the trigeminal nerve. Electrolytic lesions about 1 mm. in diameter 
were placed at the exact site desired with the aid of the Horsley-Clarke stereo- 


From the Anatomical Department, University of Pécs. 


1. Ranson, S. W.: The course Within the Spinal Cord of the Non-Medullated 
Fibers of the Dorsal Roots, J. Comp. Neurol. 23: 295, 1913. 
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taxic instrument. Uinpolar electrodes were used. The experimental animals were 
killed five or six days after operation, and the chief peripheral branches of the 
trigeminal nerve, the gasserian ganglion and the brain in connection with the 
upper cervical portion of the spinal cord were fixed in neutralized solution of 
formaldehyde U. S. P. The main branches of the trigeminal nerve were carefully 
teased and examined, after having been stained in osmic acid, or without having 
been stained at all when the distribution and ratio of degenerated fibers at the 
periphery could easily be determined. Frozen sections from various parts of the 
pons, the medulla and the cervical portion of the cord were stained according to 
the Gross-Schultze technic and thoroughly studied for degenerated collaterals and 
end bulbs. 

In another series, lesions were placed in the second cervical spinal ganglion, 
which in cats presents a favorable object of investigation, not only because it 
lies outside the vertebral canal, embedded in the muscles of the neck, and therefore 
easily isolated, without the possibility of injury to the spinal cord, a factor which 
is very important in such experiments, but also because it has a large dorsal branch, 
the greater occipital nerve, which is almost as thick as the ventral branch, the 
main root of the great auricular nerve. We tried to find a place within this 


> 


Fig. 1—Diagram illustrating the site of lesions in sectors of the second cervical 
spinal ganglion, contributing chiefly fibers to only one of the main branches of the 
spinal nerve: (a) dorsomediocranial sector, the ganglion cells of which contribute 
fibers mainly to the dorsal branch; (b) ventrolaterocaudal sector, contributing 
fibers to the ventral branch. 


ganglion from which only dorsal branch fibers, and another from which only ventral 
branch fibers, originate. In a large number of experiments, we failed to obtain 
significant differences in the number of degenerated fibers within the two branches. 
At last we succeeded in finding sites where small lesions caused a degeneration of 
about 15 to 70 per cent of the nerve fibers in one of the two branches of the 
second cervical spinal nerve and of less than 2 to 5 per cent of degenerated 
fibers in the other branch. The situation where lesions should be placed in order 
to obtain degeneration in only one of the main branches is indicated on the 
diagram (fig. 1). In some cases in which the dorsomediocranial sector of the 
ganglion was removed with fine scissors, the degeneration in the greater occipital 
nerve reached 70 per cent, while in the ventral branch only few degenerated 
fibers could be detected, as examined by teasing the nerve. In other cases, 
in which the ventrolaterocaudal sector of the ganglion was injured or removed, 
the degeneration involved up to 30 per cent of the nerve fibers in the ventral 
branch, while very few degenerated fibers were noted in the dorsal branch. The 
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percentage of degenerated fibers in the ventral branch was never as high as in 
the dorsal branch, since motor fibers, which did not degenerate after this experiment, 
had to be counted, together with the sensory ones, in the ventral branch. We 
must admit that in only a small number of a large series of experiments were 
we successful, because of individual differences in the distribution of ganglion 
cells within the spinal ganglion and because of difficulties in locating the appropriate 
extension of the lesion. We therefore made a careful selection of cases, only 
those being used for further investigation in which there was a significant difference 
between the percentage of degenerated fibers in the two branches. Only cases were 
used in which the number of degenerated fibers at least ten times as large in one 
branch as in the other. 


This material was treated in the same manner as that after lesions in the 
gasserian ganglion. Cross sections of the second cervical segment of the spinal 
cord were examined for anoxic and synaptic degeneration. Since real boutons 
terminaux are lacking, or are at least rare, in the substantia gelatinosa, we examined 
the fine collaterals entering the gray matter, chiefly from Lissauer’s tract, which 
participate in the fine neural network of this nucleus. Degeneration of this delicate 
nerve plexus was clearly to be seen as varicosities, vacuolation and fragmentation 
of the axons, as first described by Rasdolsky,2 and later by Miskolczy,? Hoff,* 
Gibson,> Schimert ® and many other investigators on various kinds of collaterals 
and synapses. 


OBSERVATIONS 


Descending Spinal Tract of the Trigeminal Nerve.—A\iter lesions 
in the ophthalmic portion of the gasserian ganglion, there was a striking 
degeneration of fibers in the ventromedial field of the spinal tract of 
the trigeminal nerve, as described first by Bregman‘ and later by 
Davis and Haven.* This degeneration was easily to be seen in our 
silver-impregnated sections. Further careful examination revealed 
degeneration of collaterals and pericellular fiber plexuses, as well as of 
end bulbs, in certain parts of the gray matter mediad to the spinal tract: 
In general, degeneration of collaterals and pericellular plexuses within 
the nucleus of the spinal tract had the same distribution as in the spinal 
tract itself; i. e., degenerated collaterals and nerve endings were to be 


2. Rasdolsky, I.: Die Benutzung einer neuen Methode der Farbung der Ner- 
venfasernkollateralen, Virchows Arch. f. path. Anat. 257:356, 1925. 

3. Miskolezy, D.: Ueber die Endigungsweise der spinocerebellaren Bahnen, 
Ztschr. f. Anat. u. Entwcklngsgesch. 96:537, 1931. 

4. Hoff, E. C.: Central Nerve Terminals in the Mammalian Spinal Cord and 
Their Examination by Experimental Degeneration, Proc. Roy. Soc., London s. B 
111: 175, 1932. 

5. Gibson, W. C.: Degeneration of the Boutons-Terminaux in the Spinal Cord: 
An Experimental Study, Arch. Neurol. & Psychiat. 38:1145, (Dec.) 1937. 

6. Schimert, J.: Die Endigungsweise des Tractus vestibulospinalis, Ztschr. f. 
Anat. u. EntwckIngsgesch. 108: 761, 1938. 

7. Bregman, E.: Ueber experimentelle aufsteigende Degeneration motorischer 
und sensibler Hirnnerven, Arb. a. d. Inst. f. Anat. 1: 73, 1892. 

8. Davis, L., and Haven, H. A.: Surgical Anatomy of the Sensory Root of 
the Trigeminal Nerve, Arch. Neurol. & Psychiat. 29: 1 (Jan.) 1933. 
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seen in large numbers in the ventral parts of the nucleus, and few only 
in the dorsal parts. But there were considerable differences in differ- 
ent parts of the nucleus. At cephalic (pontile) levels the ventral dis- 
tribution of degenerated fibers was less clear than at caudal levels. It 
is well known that che nucleus of the spinal tract can be divided into 
several parts, of rather different character. At cephalic levels (pons 
and upper portion of the medulla) there is the so-called convoluted 
portion, with larger cells and reticular structure. At caudal levels two 
portions are to be considered—a lateral (external) gelatinous substance, 
which lies close to the medial side of the tract, and a spongier sub- 
stance, lying on the medial (internal) side of the gelatinous part. Degen- 
eration of axons had some, but not an exclusive, ventral distribution 
in the upper convoluted and reticular parts of this nucleus in the cases 
studied. At caudal levels the ventral location of degenerated axons 
and pericellular plexuses was more apparent, especially in the gelatin- 
ous substance. Though it is hardly possible to get good pictures of 
end bulbs or any other synaptic structures in the gelatinous gray matter, 
the fine intercellular network of thin, unmyelinated axons was to be 
seen as clearly degenerated in the ventral part of this nucleus and as 
completely intact in the dorsal part (fig. 2). In the spongy medial part, 
where larger fibers terminated, the ventral distribution of the degenera- 
tion was less exclusive, but nevertheless evident. The larger axons, 
which arborized in this part of the nucleus, were running in bundles 
through the ventral half, and some also through the dorsal half, of the 
gelatinous part. Therefore one could see a few larger degenerated 
nerve fibers penetrating through the middle and dorsal parts of the 
substantia gelatinosa. These larger fibers, however, did not participate 
in the network of the gelatinous part, as may be inferred from the fact 
that the finer plexuses of the middle and dorsal parts of the gelatinous 
nucleus remain intact after the degeneration of the sensory neurons of 
the ophthalmic portion. 


After a lesion of the mandibular part of the gasserian ganglion, the 
distribution of degeneration was completely reversed. Especially in 
the gelatinous part of the nucleus, the degeneration of the fine inter- 
cellular plexuses was almost complete in the dorsal part, while no 
degeneration was to be seen in the ventral part. Degeneration of larger 
axons running to the spongy and reticular parts was also much more 
frequent in the dorsal half of the nucleus of the spinal tract. 

Unfortunately, we were unable to demonstrate with this method the 
law of spatial distribution of nerve endings belonging to receptors of 
perioral facial zones at different levels of the nucleus of the spinal tract. 
We shall probably return to this point in another investigation, based 
on a detailed analysis of the degeneration following very small lesions 
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in the gasserian ganglion, when degeneration both in the peripheral 
branches and in the central nuclei of termination will be compared in a 
large series of cases. 

Substantia Gelatinosa of Rolando.—After lesions in the dorsomedio- 
cranial sector of the second cervical spinal ganglion, in cases in which 
there was considerable degeneration in the dorsal branch and degenera- 
tion of very few fibers in the ventral one, we noticed that signs of axonal 


dorsal 


Ventral 


Fig. 2.—Semidiagrammatic illustration of the nuclei of the spinal tract of the 
trigeminal nerve after destruction of the neurons of the ophthalmic branch in the 
gasserian ganglion, taken from a cross section at the level of the lower part of 
the medulla. (a) spinal tract; (b) ventral part of the gelatinous portion of the 
nucleus of the spinal tract with degenerated intercellular plexuses; (c) dorsal 
part of the gelatinous portion with intact intercellular network; (d) reticular 
(medial) part of the nucleus of the spinal tract with ventral degeneration. 


degeneration could always be detected in the lateral part of the sub- 
stantia gelatinosa. In the medial half degenerated larger fibers pene- 
trated in bundles through the substantia gelatinosa, but these were 
collaterals of the dorsal root which entered the gray matter of the cord 
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without participating in the nerve plexuses of the medial half of the 
substantia gelatinosa, since the finer intercellular network seemed to 
be entirely intact in this part. The degenerated finer, unmyelinated 
axons, which participated in the degenerated intercellular plexuses of 
the lateral half of the substantia gelatinosa, reached this place by three 
routes (fig. 3). Some came from the lateral part of Lissauer’s tract 
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Fig. 3—Semidiagrammatic illustration of collateral degeneration after lesion 
of neurons of the dorsal branch in the second cervical spinal ganglion, from a 
cross section of the spinal cord in the second cervical spinal segment. (a) lateral 
part of the substantia gelatinosa with degenerated intercellular plexuses, and 
(b) medial half of the substantia gelatinosa Rolandi with intact intercellular net- 
work. Larger degenerated collaterals run to other parts of the gray matter. 


and ran around the lateral side of the dorsal column; later they turned 
mediad and entered the substantia gelatinosa. Others came directly 
with the dorsal root bundles, which ran through the medial part of the, 
substantia gelatinosa and the central part of the dorsal column and 
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entered the lateral half of the substantia gelatinosa from the medial 
side. Some entered the substantia gelatinosa from the dorsal side, 
directly from Lissauer’s tract. They ran straight through the middle 
part of the substantia gelatinosa to the interior zone of the dorsal column ; 
there they turned lateral and entered the lateral half of the substantia 
gelatinosa. 

In cases in which, after injury of the laterocaudoventral sector of 
the second cervical spinal ganglion, degeneration of sensory fibers was 
noted only in the ventral branch of the second spinal nerve, the changes 
were the complete reverse of those just described. The degeneration 
of the fine intercellular plexuses was apparent in the medial half of 
the substantia gelatinosa, while those of the lateral half remained intact. 
The larger axons running through the medial half of the substantia 
gelatinosa did not differ in their appearance from those cases in which 
the neurons of the dorsal branch were injured. Unfortunately, we 
were not able to detect any clear spatial localization of endings of the 
neurons of the dorsal or of the ventral branch in other parts of the 
gray matter. 

These results lead us to the conclusion that the dorsal part of the 
dermatome must be projected on the lateral half, and its ventral part 
on the medial half, of the substantia gelatinosa of Roland. 


COM MENT 


A comparison of our observations on the spinal tract of the trigeminal 
nerve and on the second cervical spinal segment show that the arrange- 
ment in the nerve are fairly in accord. It has long been known that 
the neurons of the ophthalmic branch lie in the ventral part and the 
neurons of the mandibular portion in the dorsal half of the spinal tract 
of the trigeminal nerve. Our experiments show that this spatial dis- 
tribution is even more apparent in the gelatinous portion of the nucleus 
of the spinal tract, where a large number of the fibers of the descending 
tract terminate. Our observation on the second cervical spinal nerve 
are in accordance with those on the trigeminal nerve, since the gelatin- 
ous portion of the nucleus of the spinal tract is nothing else than a 
cranial continuation of the substantia gelatinosa Rolandi. The only 
difference is due to the different situations of these nuclei within the 
spinal cord and the medulla. The medial half of the substantia gelatinosa 
becomes in the medulla the dorsal part, and the lateral half the ventral 
part, of the gelatinous portion of the nucleus of the spinal tract. The 
primary central projection of dermatomes, concerning fibers which 
terminate in the gelatinous part of the gray matter, seems to be essen- 
tially the same in the second cervical spinal nerve and the trigeminal 
nerve. It is highly probable that the same principle holds true also in 
other spinal segments. 
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It is of great interest to compare the nuclear representation of the 
muscular segment with that of the dermatome. The medial localization 
of the nerve cells which supply the muscles of the trunk and the lateral 
site of those which supply the limb musculature are widely accepted. 
Less known is the dorsoventral localization in the ventral column which 
represents muscle groups situated dorsad or ventrad in the muscular 
segment. Bikeles,® and later, Bertrand and Van Bogaert,’® established 
a theory according to which muscles of dorsal situation are supplied 
by ventral, and those of ventral situation (or, better, origin) by dorsal, 
motor horn cells. One of us** (}. S.) showed by a new method that 
there is really a reversed dorsoventral localization of muscles both in 
the facial and in the trigeminal nucleus. We tested this theory on the 
first cervical segment of the cat by our new method and noted that the 
motor fibers which join the ventral branch of the first cervical nerve 
originate from the most dorsal part of the ventral column, and those 
which join the dorsal branch of that nerve, from the ventral part of the 
ventral column. The reversed dorsoventral representation of muscles 
in their motor nucleus seems to be a principle of construction in the 
central nervous system and its relation to the periphery. It is an 
extremely interesting question whether or not this rule holds true in the 
central projection of the dermatome. It holds true in case of the spinal 
tract of the trigeminal nerve, as mentioned in our previous papers on 
the functional subdivisions of the nuclei of the trigeminal and facial 
nerves. At first sight, the projection of the dermatome as determined 
by us fails to meet the requirements of the law of reversed dorsoventral 
localization. A brief consideration of the development of the spinal cord 
may convince one that there is no contradiction between the principle 
of localization of the motor and that of the sensory segment within the 
spinal cord. The diagrams of figure 4 are partly reproduced in accord- 
ance with the investigations of Bok.’* At an earlier stage (A) the 
substantia gelatinosa Rolandi is clearly oriented dorsoventrally. The 
later development of the posterior fasciculus on both sides of the original 
roof plate shifts the dorsal part of the substantia gelatinosa mediad (B). 
Since after a time there is no more room for the ascending fibers, the 


9. Bikeles, G.: Einige Thesen betreffend den Anordnungstypus der motor- 
ischen Zellen auf der Ursprungshdhe der Extremitatennerven, Zentralbl. f. d. ges. 
Neurol. 23: 386, 1904. 

10. Betrand, J., and Van Bogaert, L.: Etudes de cytoarchitectonie médullaire, 
Rev. neurol. 2:177 and 312, 1923. 

11. Szentagothai, J.: Functional Representation in the Motor Trigeminal 
Nucleus, J. Comp. Neurol. 88:207, 1948. 

12. Bok, S. T.: Das Riickenmark, in von Médllendorff, W.: Handbuch der 


mikroskopischen Anatomie des Menschen, Berlin, Julius Springer, 1928, vol. 4, 
pt. 1, p. 478. 
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direction of growth of the posterior funiculus is into the depths; the 
dorsal part of the central canal is obliterated, and between the two 
dorsal funiculi the posterior medial septum is formed. Especially in 
the cervical portion of the cord the large masses of ascending fibers 
are folded longitudinally, forming thus the posterior intermediate sulci. 
These changes cause the apparent shift of. the originally dorsal parts 
of the substantia gelatinosa into the medial, and later into the ventral, 
direction. This transposition is especially pronounced in the cervical 


Fig. 4—Diagrams showing the development of the substantia gelatinosa and 
the posterior funiculi according to Bok.12 1 indicates the substantia gelatinosa, 
primary dorsal part cross hatched. The arrow in the posterior funiculus indicates 
the transposition of dorsal root branches during their ascent. 

A represents an early stage with undeveloped posterior funiculus and dorso- 
ventrally oriented substantia gelatinosa; B a later stage, the development and folding 
of the posterior funiculus causing a shift in the dorsal part of the substantia 
gelatinosa mediad; C, adult stage, the primary dorsal part of the substantia gela- 
tinosa in the cervical portion of the cord being shifted mediad and ventrad by the 
large posterior funiculus. On the right side the origin and termination of motor 
and sensory fibers belonging to the ventral and dorsal branches are indicated 
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portion of the spinal cord because of the great development of the 
posterior funiculus in this region. This discussion of the development 
of the spinal cord shows that the reversed dorsoventral localization of 
the muscular and sensory segment in both the cord and the brain stem 
is a fundamental principle of the construction of the central nervous 
system in its relation to the periphery. 

Our findings furnish the first experimental data on the functional 
localization in the dorsal column. It is interesting to mention that 
Brouwer ** many years ago formulated a similar theory based on cases 
of syringomyelia. From the glovelike distribution of the analgesia 
which often occurs, Brouwer inferred that fibers originating from 
peripheral parts of the limbs must terminate in the medioventral part of 
the dorsal column. This theory is in some accordance with our 
observations. 

It would be difficult to draw far reaching conclusions from these 
facts. Further investigations are necessary to clear up the other impor- 
tant problem mentioned in the introduction, i. e., the connection of the 
substantia gelatinosa with the spinothalamic tract. In diagrams of the 
pain and temperature pathways, the spinothalamic tract is often indicated 
as arising from the substantia gelatinosa. Foerster '* let this tract take 
origin from larger cells in the center and the base of the posterior 
column. The latter opinion seems to be much more plausible than the 
former, but the question immediately arises as to how the substantia 
gelatinosa and the larger cells of the posterior column are related, 
especially since almost nothing is known about .the course of axons 
arising in the substantia gelatinosa. We shall return to this problem 
in another paper. 


SUMMARY 


The termination of primary sensory neurons of the trigeminal nerve , 
and the second cervical spinal nerve in the nucleus of the spinal tract 
and the substantia gelatinosa Rolandi was studied after placement of 
small experimental lesions in the gasserian and the second cervical spinal 
ganglion. 

When the neurons of the ophthalmic branch were injured, the degen- 
eration of the central processes and their synapses was clearly to be 
seen in the ventral part of the nucleus of the spinal tract, especially in 
its lateral gelatinous portion. When, on the other hand, neurons of 
the mandibular branch were injured, a similar degeneration was seen in 
the dorsal part of the nucleus of the spinal tract of the trigeminal nerve. 


13. Brouwer, B.: Die biologische Bedeutung der Dermatomerie, Folia neuro- 
biol. 9: 225, 1915. 

14. Foerster, O.: Die Leitungsbahnen des Schmerzgefiihls und die chirurgische 
Behandlung der Schmerzzustade, Berlin, Urban und Schwarzenberg, 1927. 
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In the ganglion of the second cervical spinal ganglion there was 
found a certain site (dorsocraniomedial sector) the ganglion cells of 
which contribute mainly fibers to the dorsal branch of the second cervical 
spinal nerve. After small lesions in this sector, after which a large 
number of dorsal branch fibers underwent degenerative changes and 
the large majority of fibers of the ventral branch remained unchanged, 
the fine intercellular terminal plexuses showed clear degenerative changes 
in the lateral half of the substantia gelatinosa and were entirely intact 
in the medial half. The reverse was found after injury to a ventro- 
caudolateral sector of the second cervical spinal ganglion, a sector which 
contributes mainly fibers to the ventral branch of the spinal nerve. In 
this case the intercellular terminal plexuses within the substantia gela- 
tinosa of the second cervical spinal segment were degenerated in the 
medial half only. 

These investigations show the projection of dermatomes in the sub- 
stantia gelatinosa, the principle of which appears to be similar to that 
for the trigeminal and the second cervical spinal nerve, the dorsal part 
of the dermatome being represented in the lateral (ventral in case of 
the nucleus of the descending spinal tract of the trigeminal nerve), 
and the ventral part of the dermatome in the medial (dorsal in case of 
the nucleus of the descending spinal tract of the trigeminal nerve), 
half of the substantia gelatinosa. The significance of this projection is 
discussed, with special reference to the reversed dorsoventral relations 


between the central nervous system and the periphery. 


University of Pécs. 
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CONGENITAL MYASTHENIA IN SIBLINGS 


PAUL M. LEVIN, M.D. 
DALLAS, TEXAS 


HERE is a group of neuromotor disorders of early life in which 

the disease process becomes evident clinically before birth. The 
prenatal manifestations of the disorder are a delay of quickening and 
a reduction in the amount of fetal activity. This symptom of impaired 
fetal movement has been previously reported in a number of cases of 
amyotonia congenita (Oppenheim), apparently having first been noted 
by Foot in 1913. Fetal inactivity does not refer to a specific clinico- 
pathologic disease process, but merely indicates prenatal suppression 
of neuromuscular mechanisms controlling motor behavior. Thus, in 
the following cases a myasthenic syndrome was present from birth, and 
one may surmise from the prenatal history that muscular function (or 
neuromuscular transmission) of the fetus was similarly defective. 


REPORT OF CASES 


Case 1.—In the case of J. E. B., a male infant, quickening began during the 
seventh mouth cf the mother’s pregnancy and was always infrequent and weak. 
The birth was uneventful, the infant weighing 9 pounds (4,082 Gm.). Immediately 
after delivery he was pink but within thirty minutes he became cyanotic (“black”), 
an episode which was attributed to his swallowing the tongue. He had great 
difficulty in sucking and swallowing, so that he had to be fed with a spoon until 
he was 3 years old. Thick mucus collected in his throat, and his mother would 
turn him over to let it run out of his mouth. He cried frequently from hunger, 
as on some days he could take only 2 or 3 ounces (60 or 90 cc.) of milk. His 
general activity as an infant seemed normal, and he did not appear to have any 
definite atonia. He sat alone at 10 months and walked at 17 months of age. He 
fell frequently, was unable to run and had to crawl upstairs. He began to talk 
at about the age of 1 year but his speech was always indistinct, and he was 4 
years old before his mother could understand him. 

He was first seen at the Scottish Rite Hospital on Oct. 30, 1940, at the age of 
4 years. He was underdeveloped but fairly well nourished. The cry was weak 
and forced, and his speech was slurred. Because of bilateral partial ptosis he kept 


From the Texas Scottish Rite Hospital for Crippled Children and the Depart- 
ment of Neuropsychiatry, the Southwestern Medical School of the University of 
Texas. 

This material was presented as a part of a discussion of Congenital Diseases 
of the Motor Unit at a meeting of the Central Neuropsychiatric Association at 
Galveston, Texas, Oct. 18, 1947. 

1. Foot, N. C.: Report of a Case of Amyotonia Congenita (Myatonia Con- 
genital—Oppenheim) with Autopsy, Am. J. Dis. Child. 5:359 (May) 1913. 
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his head raised. The ocular movements were conjugate, but all were severely 
limited. There was no upward gaze or convergence; horizontal and downward 
movements were minimal. The pupils were medium in size and equal and reacted 
briskly to light. The fundi were normal. Both depression and elevation of the 
mandible were weak; the jaw drooped, so that the mouth remained open most of 
the time. The face was expressionless and showed severe bilateral weakness 
(fig. 1). He was able to close his eyes, but not against resistance. Wrinkling of 
the forehead was poorly performed. The palate moved upward on phonation. 
Protrusion of the tongue was moderate. The musculature of the entire body was 
flabby and weak but showed no localized paresis or atrophy. There was generalized 
hypotonia of moderate degree. An exaggerated lumbar lordosis was seen, and the 
gait was waddling; however, he could rise to a standing position without pushing 
up. The deep reflexes were all present and rather brisk, but the Hoffmann sign 
was not elicited and the plantar responses were of flexor type. The abdominal 
reflexes were lively. The heart and lungs were clear, and the retromanubrial 
dulness was not increased in width. 


Fig. 1 (case 1).—Photographs showing ptosis, bilateral facial paresis and droop- 
ing jaw. In posing for the photograph on the right, the patient strained so hard 
to show his teeth that his head trembled, causing the picture to blur. 


At first the diagnosis was congenital hypoplasia of cranial nerve nuclei (Mobius), 
as a part of generalized motoneuronal aplasia. Later it was noted that his speech 
was less distinct and his waddling had become more pronounced. Because of this 
increasing disability, the development of a progressive myopathy was considered. 
The mother felt that with tocopheral therapy he was somewhat improved, but 
grading of muscle function did not demonstrate any increase in power 

When the patient was 6 years old, his mother pointed out that he was stronger 
and opened his eyes wider for several hours after arising in the morning or from 
his nap. This, of course, suggested the phenomenon of myasthenia. The diagnosis 
was confirmed by pronounced improvement following the hypodermic administra- 
tion of 0.5 mg. of neostigmine methylsulfate. The metamorphosis of his appearance 
was striking. He now presented the alert expression of a normal boy (fig. 2). 
The ptosis disappeared ; the jaw muscles became strong, and he could smile widely. 
The extraocular movement remained conjugate but improved from practically nil 
to 100 per cent of normal downward rotation, 50 per cent of upward rotation and 
70 per cent of horizontal rotation to either side. General muscular strength was like- 
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wise increased, as indicated in the accompanying table, which presents the percentage 
values for muscle power before and after the administration of neostigmine. All 
movements were spry, and his gait was brisk and steady. Deep and superficial 
reflexes all became hyperactive. Biopsy of the left deltoid muscle showed uniform 
muscle bundles of normal size, with no increase of connective tissue and no lymphor- 
rhagic infiltration. 

Neostigmine bromide was administered orally. After prolonged efforts to obtain 
a satisfactory therapeutic effect, it was finally learned that 45 mg. was required 
in each dose to get a result comparable to that obtained by injection of 0.5 mg. of 
methylsulfate. This amount was taken three times a day. Each dose was effective 
within twenty minutes. His appetite was excellent, and he had an abundance of 
energy. At the hospital he hurried about carrying trays to his bedridden comrades, 
in contrast to his former invalid state. His eyes were open nearly all the time. 
Several times a week, at 5 p. m., he complained of cramping pain in the lower 
part of the abdomen, associated with pallor and vomiting, and atropine sulfate 


Fig. 2 (case 1)—Photographs made thirty minutes after injection of 1.5 mg. 
of neostigmine methylsulfate. The recovery in expressional and volitional activity 
of the face is remarkable. 


was prescribed to counteract these symptoms of parasympathetic stimulation. He 
was last seen on April 18, 1945. 

His mother later wrote that, because of the abdominal pain, the dosage of 
neostigmine bromide was reduced in July 1945 to 30 mg. three times a day, with 
continuing good effect. Then, on March 1, 1946, he had an attack of sore throat, 
similar to numerous others he had had previously. He complained of such discom- 
fort on swallowing that the neostigmine tablets were withheld. It is most unfor- 
tunate that he was not given this essential drug by injection, for pneumonia 
developed (his sixth attack) and he died on March 6, at the age of 10 years. 
There was no autopsy. 


Case 2.—M. A. B. was the sister of the patient in case 1, and three years his 
junior. Fetal activity in her case started during the sixth or seventh month of preg- 
nancy and was always weak; she seldom turned. The mother compared the activity 
with that in her gravid friends and found that it was never as brisk as theirs. She 
inquired about this of her physician, but he assured her that there was nothing 
wrong and that she was exaggerating the condition. (Yet after childbirth he 
advised her never to become pregnant again.) The birth was normal, the weight 
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Effect of Neostigmine on Muscular Power, Expressed in Percentage of Normal 


Neck 
Scapula 
Adductors....... 
Arm 


Flexors........ 
External rotators......... 


Forearm 
Extensors..... 


Supinators.. 
Pronators..... 


Hand 
Fingers 


Abductors..... ee 
Thumb 


ous 


Trunk 
Extensors 


Thigh 
send 
Abductors 


Internal rotators............ 


Leg 


Foot 
Invertors 
Anterior 


Toes 
Extensors 


Flexors 
Digitorum 


Right Lett 
“ Before After Before After 
80 100 80 100 
30 60 80 60 
100 100 100 100 
70 70 70 70 
0 90 30 100 
80 100 70 100 
40 60 40 60 
50 80 50 70 
60 80 60 80 
60 80 60 70 
6 100 60 100 
50 100 50 90 
50 80 50 80 
60 80 60 80 
60 80 60 80 
50 80 50 70 
50 70 50 70 
60 100 80 100 
50 80 50 70 
50 70 50 60 
50 100 50 100 
60 70 50 70 
70 100 60 100 
80 100 60 100 
70 90 90 
40 80 40 80 
30 70 30 70 
50 80 50 80 
40 70 40 70 
50 90 50 100 
40 100 40 100 
50 70 50 70 
60 90 60 90 
50 100 50 100 
80 100 80 100 
60 100 60 100 
80 100 70 100 
60 100 60 100 
80 100 80. 100 
90 100 90 100 
60 90 60 80 
70 90 70 90 
60 100 60 100 
60 100 60 80 
50 80 50 80 
70 100 70 100 
80 100 80 100 


= 
Rectus abdominis 

Tensor fascia 

Common 

| 


LEVIN—CONGENITAL MYASTHENIA 749 


being 9%4 pounds (4,309 Gm). The infant kicked fairly actively in early infancy. 
There was bilateral ptosis and the cry was weak, although she nursed well. She 
developed rather normally except for the ocular disorder, sitting alone at the age 
of 6 or 7 months, walking at 11 months and talking in sentences at 1% years. 
However, she was unable to run until she was 3 years old and would fall fre- 
quently; this did not vary with the time of day and was attributed to her being 
overweight. 

She was first seen at the age of 1 year (before the correct diagnosis of her 
brother’s condition was made). Bilateral ptosis of moderate severity was noted. 
She kept her forehead wrinkled much of the time. Observations on the ocular 
movements were not recorded, as it was felt that her cooperation was inadequate 
because of her age. 

The ptosis gradually lessened, especially after the age of 6 years. The mother 
noted that it would become worse daily at about 5 p. m., although she was not 
sleepy, even at her bedtime at 8:30 p. m. She never complained of diplopia. The 
only symptom referable to the eyes was pain when she studied at school. Her 
general strength improved, and she seldom fell after she was 7 years old. 

Neurologic examination at the age of 8 years, on Oct. 15, 1947, showed abnor- 
malities only in the extraocular muscles. The pupils were 3 mm. in diameter and 
gave an active reaction to light. Bilateral ptosis was minimal, the margins of the 
upper lids barely encroaching on the pupillary spaces. The forehead did not show 
compensatory overaction of the frontalis muscle, as it previously had. However, 
when she wanted to look upward at all, she had either to raise her head or to 
wrinkle her forehead. The ocular movements were conjugate but were restricted 
in all directions of gaze (fig. 3). Horizontal movements were limited to about 
one-third the normal range, and vertical movements to one-half. The voice was 
normal and did not tire easily, as on counting aloud to 100. There was no weakness 
of the face (including the orbicularis oculi muscles), of the jaw, palate or tongue 
or of the extremities. The musculature showed normal tone and coordination, 
and the gait and station were likewise normal. She could rise to a standing position 
without pushing up or without any support. Perception of pain and vibratory 
sensation were intact. The deep reflexes were all normally active, as were the 
abdominal and plantar reflexes, the latter being of flexor type. Her intelligence 
was normal, and she was very cooperative. Routine laboratory tests gave normal 
results. Roentgenographic studies of the chest (posteroanterior and lateral pro- 
jections) yielded no evidence of enlargement of the thymus gland. 

It was recognized that the clinical picture in this case was similar to that in 
her brother’s (case 1), although her myasthenia was slight as compared with the 
severity of his. The effect of neostigmine was tested by the subcutaneous admin- 
istration of 1.5 mg. of the methylsulfate together with 0.6 mg. of atropine sulfate. 
What had been mild ptosis was then transformed into retraction of the upper lids 
with twitching of the levator muscles. The patient complained that now her eyes 
were “too big.” The retraction was exaggerated in both eyes when she looked 
to either side or up, but it was abolished when she looked down, thus differing from 
the retraction (pseudo-Graefe sign) observed after faulty regeneration of the 
oculomotor nerve (Bielschowsky,? Ford and Woodhall ?). Improvement in ocular 


2. Bielschowsky, A: Lectures on Motor Anomalies of the Eyes: II. Paralysis 
of Individual Eye Muscles, Arch. Ophth. 13:33 (Jan.) 1935. 

3. Ford, F. R., and Woodhall, B.: Phenomena Due to Misdirection of Regen- 
erating Fibers of the Cranial, Spinal and Autonomic Nerves: Clinical Observations, 
Arch. Surg. 36:480 (March) 1938. 
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motility was noted, with increased range of all movements of both eyes, especially 
in abduction and adduction (fig. 3). The voice, general strength and reflex activity 
were unchanged from the previous normal status. 

Adequate improvement in the ptosis and ocular paresis occurred with admin- 
istration of 30 mg. of neostigmine bromide three times a day, although a maximal 
effect required 45 mg. in each dose. However, since the larger dose resulted in 
rather excessive retraction of the upper lids, the patient was maintained on the 
30 mg. dose. She tolerated this amount satisfactorily for four months; then she 


Fig. 3 (case 2).—The photographs on the left side were made before, and those 
on the right after, the injection of 1.5 mg. of neostigmine methylsulfate with 0.6 
mg. of atropine sulfate. The lower pictures show the patient exerting maximal 
lateral gaze to the right. Minimal ptosis and limitation of ocular movements were 
seen before the injection, whereas afterward there were retraction of the upper 
lids, especially on lateral gaze, and an increase in range of ocular rotation. The 
ptosis and ocular paresis are symmetric. 


complained frequently of nausea, vomiting and abdominal cramps. The mother 
then reduced the dosage of neostigmine to 15 mg. three times a day. Examination 
disclosed slight ptosis, and it was advised that the child take more neostigmine, 
together with atropine sulfate. In spite of this, she continued to have almost 
continuous nausea, to an extent that interfered with her attendance at school: 
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she also complained of increased aching in her eyes while taking the drug. Since 
she had no real disability from her myasthenia, ocular involvement being symmetric, 
the medication was discontinued in May 1948. 


FAMILY HISTORY 


These patients had no other siblings. The parents were well. The mother 
had had no motor symptoms during either pregnancy. She had two first cousins, 
both girls, with congenital bilateral ptosis. In one of them the ptosis was severe; 
her death, at 18 years, was attributed to heart disease. The other cousin was 
grown, and her ptosis was said to have cleared up; she was not available for 
study, having moved to California. 

The mother had never taken quinine for any purpose. She was given 8 capsules 
of quinine sulfate (5 grains [0.3 Gm.] each) in an effort to determine a possible 
sensitivity to the drug as manifested by the induction of a myasthenic syndrome 
(Harvey and Whitehill+). She first took 1 capsule, then four hours later 2 
capsules and after another four hours 2 more capsules. Within thirty minutes 
after taking the last of these capsules she had tinnitus and nausea. Four hours 
later she took 3 capsules, and the tinnitus was increased for several hours. At no 
time did she have any muscular weakness, ptosis or diplopia. The negative result 
of this test suggests that the mother does not have latent myasthenia. 


COMMENT 


Congenital myasthenia, as illustrated by these cases, differs in several 
features from the ordinary variety of myasthenia gravis (Erb-Gold- 
flam disease). The first is its prenatal inception, indicated by diminished 
activity during the intrauterine phase of life. Another is the pattern 
of the muscular weakness, which is one of perfect symmetry in the 
congenital disorder, whereas in the acquired form there is generally a 
definite asymmetry in the muscular involvement. This is most clearly 
evident in the extraocular movements, but in severe cases it may become 
conspicuous only after the administration of neostigmine. Moreover, 
the course in the present cases of congenital myasthenia was neither 
progressive nor intermittent (death in case 1 seems to have been due 
to intercurrent pulmonary infection which developed when neostigmine 
was withheld, rather than to advance of the disease). In fact, the 
trend in case 2 suggests a slow improvement; not only was the ptosis 
observed to decrease as the years passed, but the general muscular 
activity was impaired in utero, in contrast with more normal motor 
functions of the trunk and extremities in childhood. Because of the 
characteristics, it may be deduced that the cases of prenatal inception 
do not represent the disease that Erb and Goldflam described. 

Congenital myasthenia has a basic pathophysiologic similarity to the 
relatively common acquired variety of myasthenia, but so does the 
myasthenia associated with exophthalmic goiter. Even among cases 


4. Harvey, A. M., and Whitehill, M. R.: Quinine As an Adjuvant to Pro- 
stigmine in the Diagnosis of Myasthenia Gravis: A Preliminary Report, Bull. 
Johns Hopkins Hosp. 61:216, 1937. 
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of the acquired type it is difficult to distinguish the cases with gross 
disease of the thymus from those in which the thymus appears to be 
normal. The conclusion to which these considerations lead is that 
myasthenia is only a symptom complex resembling curarization which 
arises in a variety of circumstances. The present paper deals with a 
congenital and familial disease manifested by the muscular weakness 
and fatigue which are common to all types, not only in the phenomenon 
of myasthenia but in the pattern of the neuromuscular involvement. 
In a review of the literature no cases of a similar, enduring myasthenia 
of congenital onset were uncovered. 

Transitory myasthenia has been known to occur in newborn infants 
whose mothers were affected by myasthenia gravis. Four cases have 
been previously described, and an additional case, hitherto unreported, 
has been brought to my attention. The first instance was reported 
in 1942 by Strickroot, Schaeffer and Bergo.’ The infant seemed normal 
at birth, but on the third day he had difficulty in taking his formula. 
There was weakness of the face, jaws and throat, and mucus had fre- 
quently to be aspirated from the throat. Neostigmine bromide was 
added to the formula after four days, with a dramatic response ; the baby 
took the bottle well, cried vigorously and had the expression of a normal 
infant. The drug was withheld after two days, and the symptoms 
recurred eight hours later. Neostigmine therapy was resumed; unfor- 
tunately cyanosis suddenly appeared, and the infant died in forty-five 
minutes. Autopsy showed congestion of various organs (brain, lungs, 
liver, spleen and kidneys), hemorrhage into the right adrenal gland and 
petechial hemorrhages in the basal meninges. The lungs were atelectatic. 
The thymus gland weighed 12 Gm. and showed mild hyperplasia of 
the thymic corpuscles. The mother of this infant had myasthenia 
gravis, with onset at the age of 17 years. Her child was born two years 
later. The pregnancy was characterized by an increase in the severity of 
the myasthenia. Before the pregnancy, 1 or 2 tablets daily of neostig- 
mine bromide (15 mg. per tablet) generally sufficed to control her 
symptoms, but as the pregnancy proceeded it became necessary to 
increase the dose of this drug, until 6 or 8 tablets daily was required near 
term, whereas in the puerperium she needed only 4 tablets. No mention 
was made of the fetal activity. The fact that the infant seemed normal 
in the first two days after birth may have been due to adequate neo- 
stigmine therapy during the pregnancy. 

Wilson and Stoner * reported 2 probable instances of a comparable 
myasthenic state in the children of a woman with classic myasthenia 


5. Strickroot, F. L.; Schaeffer, R. L., and Bergo, H. L.: Myasthenia Gravis 
Occurring in an Infant of a Myasthenic Mother, J. A. M. A. 120:1207 (Dec. 12) 
1942. 

6. Wilson, A., and Stoner, H. B.: Myasthenia Gravis: A Consideration of 
Its Causation in a Study of Fourteen Cases, Quart. J. Med. 18:1, 1944. 
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gravis (showing variable diplopia). During both pregnancies, which 
took place after the onset of her disease, there was no change in the 
severity of her myasthenia. The activity: of neither fetus was described. 
The first child made only feeble attempts at sucking and was unable 
to swallow. Movements of the face and tongue were slight, but 
there was no ptosis. Respirations were poor, and the child died in 
four days. The second child presented a similar condition. Sucking 
and swallowing were very poorly performed, and fluids often regurgi- 
tated through the nose. All movements were weak, and the respiratory 
excursions were limited. However, after the first fortnight of life, with 
careful feeding the child began to improve, and at 8 months of age 
he had the appearance and movements of a normal infant of his age. 
Neostigmine was not administered to either child. It was further noted 
that prior to the onset of her myasthenia the mother had given birth 
to a normal child. From their experiments with myasthenic patients, 
which confirmed the observation by Walker? (although Buchthal and 
Engbaek * have since repeated the experiments with negative results), 
Wilson and Stoner concluded that the most probable explanation of the 
phenomenon of myasthenia gravis is the presence of a substance in the 
blood which produces a block in neuromuscular transmission and 
inhibits the normal action of acetylcholine on voluntary muscle. The 
recovery of the second child led to the surmise that this substance with 
a curare-like action from the maternal blood produced the neonatal 
myasthenia, with recovery in two weeks when the substance had been 
eliminated from the infant’s blood stream and tissues. 

A fourth case was mentioned in a discussion of the treatment of 
myasthenia gravis by Stone and Rider.®° The mother had attacks of 
generalized weakness; difficulty in chewing, talking and swallowing, 
and respiratory distress. A month after the onset she became preg- 
nant. The symptoms could not be controlled even with huge doses 
of neostigmine bromide, but on administration of tetraethyl pyrophos- 
phate “she became completely normal.” She gave birth at term to an 
infant who had manifestations of severe myasthenia, with inability to 
nurse, nasal regurgitation and an expressionless face. Neostigmine 
bromide was given on the third day, and it relieved all symptoms. The 


7. Walker, M. B.: Myasthenia Gravis: A Case in Which Fatigue of the 
Forearm Muscles Could Induce Paralysis of the Extra-Ocular Muscles, Proc. 
Roy. Soc. Med. 31:722, 1938. 

8. Buchthal, F., and Engbaek, L.: On the Neuromuscular Transmission in 
Normal and Myasthenic Subjects, Acta psychiat. et neurol. 23:3, 1948. 

9. Stone, C. T., and Rider, J. A.: Treatment of Myasthenia Gravis, J. A. M. A. 
141:107 (Sept. 10) 1949. 
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remission was maintained by frequent small doses of the bromide for 
fourteen days, and continued when the medication was discontinued. 

A comparable case was observed at, the Johns Hopkins Hospital 
by Ford,’® who furnished the following information : 

The mother presented symptoms of myasthenia gravis, with gen- 
eralized weakness and fatigue, diplopia, nasal voice, dysphagia and 
nasal regurgitation. After thymectomy she felt better but showed no 
objective change. She became pregnant four months after operation. 
Myasthenic symptoms were constantly present throughout the preg- 
nancy, but they were mild and did not necessitate the use of neo- 
stigmine except during two exacerbations due to infection, when she 
responded promptly to administration of neostigmine and sulfonamide 
drugs. The infant was born at term, and on the next day it was observed 
to be unable to nurse or swallow. The cry was weak. The eyes were 
directed downward and could not be rolled up. The eyelids could not 
be firmly closed. The mouth remained open, owing to weakness of the 
jaws. There was no apparent weakness of the extremities. Neostigmine 
gave immediate temporary relief from the symptoms. Improvement was 
evident by the end of the week, and the baby thereafter remained free of 
any disability. The mother stated ten months after childbirth that she 
had considered the fetal movements to be quite normal. 

The 5 cases of myasthenic state limited to the neonatal period are 
sufficiently similar to constitute a category which one may call “neo- 
natal myasthenia.” The clinical findings were most prominent in the 
muscles used in feeding, a prominent function of the neonate. Ocular 
palsy, conspicuous in the various myasthenic states, was observed only 
in Ford’s case, in which there was weakness of superior rotation; it 
may be important that ptosis was not present in any of the 5 cases. 
The neuromuscular involvement of bulbar distribution was severe, being 
fatal within a week in 2 cases, but in the 3 cases in which the infants 
survived the first week or two there was complete recovery (for four 
years of observation in a case of Wilson and Stoner). Another feature 
all these cases have in common is the myasthenia gravis in the mother. 
Wilson and Stoner’s interpretation of the pathogenesis of neonatal 
myasthenia is an attractive one, viz., that the fetus is affected by the 
placental transmission of a substance possessing curare-like properties ; 
this results in intoxication of the fetus, which persists a week or so 
after birth. One then wonders why neonatal myasthenia is not com- 
moner in progeny of myasthenic mothers. The explanation may be 
that a predisposing sensitivity to substances with curare-like prop- 
erties (latent myasthenia) must be present, as well as the actual expo- 
sure to such materials. This hypothesis might be investigated by giving 
a curare test to children who have survived neonatal myasthenia. 


10. Ford, F. R.: Personal communication to the author, July 16, 1949. 
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The cases reported in this paper appear to be quite distinct from 
those of neonatal myasthenia. The condition was an enduring one, 
with ptosis as a prominent sign. Also, the mother of the patients was 
free from myasthenia, since she showed no symptoms during or between 
her pregnancies and failed later to present signs of latent myasthenia 
after a rather rigorous test with quinine. Genetic factors are probably 
involved in cases of this type, and they evidently are mendelian reces- 
sive and not sex linked. It is for cases of this type that I would reserve 
the term “congenital myasthenia.” One may, perhaps, look on neo- 
natal and congenital myasthenias as differing merely in degree. A 
latent form of a genetic sensitivity to neuromuscular blockage would 
present neonatal symptoms if the mother had clinical myasthenia and 
thereby subjected the fetus to a substance with curare-like properties, 
whereas if the mother was unaffected any sensitivity of the neonate 
would escape notice. However, if the sensitivity was sufficiently severe, 
clinical myasthenia might become manifest as early as the fetal stage 
of development or at or after birth, even if the mother was healthy. 
More complete data concerning fetal movement in these cases would 
be helpful. 

The aggravation of myasthenia gravis in pregnancy noted by Strick- 
root, Schaeffer and Bergo is contrary to the usual course of the dis- 
ease (Grinker**; Viets, Schwab and Brazier).’* Before the other 
cases of neonatal myasthenia were reported, it was suspected that the 
fetal myasthenia in some way produced an exacerbation of the maternal 
condition. The literature was combed for instances of myasthenia 
gravis with progression during pregnancy and improvement in the 
puerperium. The reports of only 3 such cases were found in which 
the condition of the child was noted, and in all the child was normal 
(Gemmell,** Tabachnick,** Mortara*®). (Perhaps also in Tilney’s 
case ** we may assume that the child was healthy). I have observed 
a case of a myasthenic woman with probable mild thyrotoxicosis who 


11. Grinker, R. R.: Neurology, Springfield, Ill, Charles C Thomas, Pub- 
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12. Viets, H. R.; Schwab, R. S., and Brazier, Mary A. B.: The Effect of 
Pregnancy on the Course of Myasthenia Gravis, J. A. M. A. 119:236 (May 16) 
1942. 

13. Gemmel, J. E.: Caesarean Section in a Case of Myasthenia Gravis, 
Gravida, J. Obst. & Gynaec. 7:260, 1905. 

14. Tabachnick, H.: Myasthenia Gravis: Consideration of Recent Advances 
and Influence of Pregnancy: Report of Case, J. A. M. A. 110:884 (March 19) 
1938; supplemented by personal communications to Viets, Schwab and Brazier,12 
and to the author, Dec. 29, 1947. 

15. Mortara, F.: Contributo allo studio delle malattie nervose in gravidanza 
(miastenia grave pseudoparalitica), Riv. ital. di ginec. 21:369, 1938. 

16. Tilney, F.: A Case of Myasthenia Gravis Pseudoparalytica with Adenoma 
of the Pituitary Body, Neurographs 1:20, 1907-1915. 
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showed progression of her neuromuscular disorder during three preg- 
nancies, each yielding a normal infant. It thus appears that maternal 
exacerbation during pregnancy is not due to fetal myasthenia. The 
observations in other cases of neonatal myasthenia that the maternal 
condition was not progressive during pregnancy lend support to this 
view. 

Familial myasthenia, though unusual, is by no means rare. Oppen- 
heim,’* Marinesco,'* Hart,’® Riley and Frocht and Mancusi-Ungaro ** 
each reported the occurrence of acquired myasthenia gravis in pairs of 
sisters. Rothbart ** described the cases of 4 brothers with myasthenia 
that began in infancy (1 had a weak cry at birth but no difficulty in 
nursing, and ptosis and ocular paresis developed at the age of 6 weeks; 
in the other 3 brothers ptosis began at the ages of 6 months, 3 months 
and 2 years, respectively). Noyes ** observed myasthenia in a father 
and 2 daughters. Eaton,** in a personal communication, mentioned 2 
brothers who manifested symptoms of myasthenia gravis in infancy (at 
the age of 6 weeks or earlier) and cited the cases of twin girls approxi- 
mately 12 years of age in whom Dr. M. N. Walsh had diagnosed this 
disease. One might add in a facetious vein the “familial” occurrence 
of myasthenia gravis in man and wife, observed by Curschmann.”® 

Two pharmacologic implications of these cases should be mentioned. 
The first is that neostigmine should be used during pregnancy when 
impaired fetal activity is noted, with observation of the response in the 
fetus. If intrauterine myasthenia is the basis of the deficient quickening, 
a favorable response may be expected, comparable to the well known 
and diagnostic effect of neostigmine in myasthenia gravis (Walker,”¢ 
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Viets and Schwab *"). Muscular underdevelopment, such as was noted 
in my first case, might then be prevented. The second use of drugs 
is the application of diagnostic procedures which utilize methods of 
aggravating myasthenia, such as the quinine test of Harvey and White- 
hill* or the curare test of Bennett and Cash.** Latent myasthenia 
might in this manner be disclosed in relatives in overt cases of the 
disease (as suggested also by 


DIFFERENTIAL DIAGNOSIS 


The initial diagnosis in case 1 was nuclear aplasia (Kernschwund 
of Mobius) as a part of a general motor aplasia. There are many points 
of similarity between this disease and congenital myasthenia. How- 
ever, in nuclear aplasia, bilateral peripheral facial paralysis is usually 
more striking than in my cases, and weakness of the muscles of the 
jaw is relatively uncommon.*° 

Amyotonia congenita is also to be considered, but the extremities 
and trunk are much more severely weakened in this condition than in 
myasthenia, with their profound atonia and areflexia. The cranial 
musculature is less likely to be involved. Furthermore, definite changes 
in the structure of muscles are to be noted in tissue removed at biopsy. 

Congenital myopathy may be somewhat confusing. In 1 case (to 
be reported elsewhere) there was severe weakness of the bulbar muscles 
as well as the extremities, but the history did not indicate the fatiga- 
bility of the myasthenic state and histologic sections of muscles showed 
scarcity of muscle fibers and extensive replacement with fat. 

Birth injury of the brain stem is characterized by severe impair- 
ment of vital functions at birth; fetal activity should have been normal. 

In these various diseases I have seen uniformly negative responses 
to the exhibition of neostigmine salts. Myasthenia is certainly a less 
common cause of muscular weakness in infants than are these conditions. 
However, a test administration of neostigmine is justified in all cases 
of congenital ptosis and other such pareses, and it may be expected 
that some of these will be demonstrated to be instances of congenital 
myasthenia. 
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SUMMARY 


Two cases of congenital myasthenia, occurring in a brother and 
sister, are described. The musculature supplied by the cranial nerves 
was most severely involved, particularly that of the eyes, as it is in 
myasthenia gravis of the Erb-Goldflam type. 

Points in which the congenital type differed from classic myasthenia 
gravis are the perfect symmetry of muscular paresis and the stationary 
course in the former. Another feature of the present cases was reduc- 
tion of fetal activity, suggesting a prenatal inception of the defect. 

Congenital myasthenia differs also from neonatal myasthenia, a 
severe but transitory myasthenic state occurring occasionally in chil- 
dren of myasthenic mothers. 

Note.—After the submission of this paper for publication, reports 
of 2 cases of congenital myasthenia appeared. In the first of these, by 
Bowman," the clinical course was much like that of classic myasthenia 
gravis. Drooping eyelids and feeble cry were noted at birth, and the 
neuromuscular disability progressed, with dysphagia and nasal regurgi- 
tation appearing at 13 months and general fatigability at 2 years; the 
extraocular movements were weak. A remission of the pharyngeal and 
palatal symptoms occurred at the age of 20 months. The parents were 
normal. In the same article, Bowman reported the cases of 2 cousins 
in whom myasthenia developed at the ages of 3 years and 4 years, 
respectively. 

Keynes *? briefly mentioned the case of a man who evidently had 
had a myasthenic state since infancy, but which was not diagnosed until 
the age of 37 years. There were progressive generalized and bulbar 
symptoms. Ina personal communication to me (Oct. 28, 1949), Keynes 
stated that both eyes were practically fixed. After thymectomy, and 
with a small amount of neostigmine bromide, the patient was able to 
lead a normal life. 

An additional case of neonatal myasthenia, that of the child of a 
myasthenic woman, was described by LaBranche and Jefferson.** The 
baby appeared listless on the second day and then manifested difficulty 
in feeding, drooping of the jaw, a weak cry and slight ptosis of the right 
eyelid. Treatment with neostigmine was started at the age of 7 days. 
At the age of 4 months the infant was still receiving the drug, although 
an actual need for medication does not appear to have been established. 
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PROGNOSIS IN JAPANESE B ENCEPHALITIS 


CHARLES D. ARING, M.D. 
CINCINNATI 


ITH the purpose of determining whether or not there occurs any 

deficiency in nerve function after the acute stage of Japanese B 
encephalitis had been passed safely, 19 persons were studied who had 
had the disease within the preceding forty-five to sixty days. The 
patients were adult Americans confined to the 361st Station Hospital in 
Tokyo. In addition, 12 Japanese patients with late effects, over half of 
them children, were surveyed at the Komagome Hospital, in Tokyo. 
The disease had been proved serologically in both the American and 
the Japanese group. The Japanese remained in the hospital because of 
the severity and the crippling nature of their residual defects; the 
Americans, because the military services wanted to make certain that 
their patients had made the maximum recovery. 


In addition to the epidemic of 1948, large outbreaks of Japanese B 


encephalitis had been recorded in Japan in 1871, 1924 and 1935. 
Epidemics tend to occur every ten to fifteen years. The specific neuro- 
tropic virus was identified in 1934 and resembles in certain respects 
the virus of St. Louis encephalitis. The Japanese termed the disease 
B encephalitis; they had designated von Economo’s lethargic encepha- 
litis as the A type. 


PATHOLOGIC CHARACTERISTICS 


Japanese B encephalitis is an acute neurotropic virus disease affect- 
ing gray matter particularly—a polioencephalomyelitis. As may be 
learned from the pathologic studies of Zimmerman* and of Haymaker 
and Sabin,? the lesions may vary in distribution and in severity from 


From the Department of Neurology, University of Cincinnati College of 
Medicine, and the Cincinnati General Hospital. 

This investigation was conducted in collaboration with the Commission on 
Virus and Rickettsial Diseases, Army Epidemiological Board, Office of the Sur- 
geon General, United States Army, Washington, D. C. 
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area to area in the central nervous system. Most usually affected are 
the cerebral cortex, cerebellum, thalamus, substantia nigra and anterior 
horn cells. Cases have been studied in which the involvement was pre- 
dominantly cortical; in others the thalamus and lower basal ganglia 
appeared to bear the brunt of the disease. Familiarity with the mor- 
phology of the disease allows a better understanding of the clinical 
symptoms, of which mental symptoms, tremor, paralysis, speech dis- 
orders, muscular rigidity, headache, lethargy and high fever characterize 
the acute stage. 
EPIDEMIOLOGY 


The epidemiology of the disease is somewhat reminiscent of that 
of poliomyelitis ; in both diseases there appears to be at hand a great 
deal of information, largely statistical, but no one has yet been able to 
integrate such data, either to prevent these diseases or to lessen the 
surprise of their appearance. At present both diseases predominate in 
younger age groups. Both diseases become apparent in midsummer 
and early autumn, or in the warmer months, whatever they may be; 
both diseases are widely disseminated in the countries of their occur- 
ence, and epidemics occur sporadically and are explosive in character. 
Immunity to these diseases is prevalent where they are endemic, and 
the movement of a new population into such an area appears to result 
in the infection of older age groups. Subclinical infections of both dis- 
eases undoubtedly occur widely ; serologic surveys have indicated that 
80 to 95 per cent of adults in Okinawa and parts of Japan other than 
the northernmost island of Hokkaido, and 65 per cent of the natives of 
Guam possess neutralizing (immune) antibodies to Japanese B encepha- 
litis. The relative immunity of the adult population to poliomyelitis is 
obvious. 

There are many points of divergence in the epidemiology of Japanese 
B encephalitis and poliomyelitis. There is no evidence that Japanese B 
encephalitis can occur during the winter, while there is good evidence 
that poliomyelitis does. Japanese B encephalitis is not limited naturally 
to human beings; horses have been affected in epidemic proportions in 
areas where human beings may not be appreciably affected. Neutralizing 
antibodies can be demonstrated in the horse, cow, pig, cat, goat, rabbit, 
sheep and dog. On the other hand, poliomyelitis is not known to occur 
in animals unless inoculated in the laboratory. 


EPIDEMIC OF 1948 
During the summer of 1948 there occurred an outbreak of Japanese 
B encephalitis in Japan, where over 8,000 cases were reported. The 
epidemic began in Tokyo in late July and was explosive in nature, the 
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peak of cases occurring within the first three weeks. Over 2,000 cases 
were recorded in Tokyo alone, the mortality rate being about 25 per 
cent. The disease became widely disseminated throughout Japan except 
in the island of Hokkaido, which is the most northern. 

The American occupation personnel known to have been affected 
by Japanese B encephalitis in 1948 numbered between 30 and 35. The 
uncertain figure is representative of diagnostic difficulties, but the larger 
figure is more nearly correct. There were 5 deaths among these 
Americans. 

In the face of such a virulent infection as Japanese B encephalitis, 
those in charge of the health of the occupation forces in Japan were 
realistically worried. A large group of persons with no known immunity 
to this disease had been moved into an area where the virus was resident 
and active. Physicians dealing directly with American patients had had 
little or no experience with Japanese B encephalitis, or, for that matter, 
with encephalitis of any type. Their anxiety in some instances may have 
been transferred to their patients, a mechanism which cannot be over- 
emphasized in the production of symptoms. 


RESIDUAL EFFECTS 


The incidence of late effects among the Japanese surviving Japanese 
B encephalitis had been reported in 1938 as 3.11 per cent.* In the 
1948 group of more than 2,000 Japanese cases in the Tokyo area the 
incidence of all types of residua appeared to be about 10 per cent. In 
the Okinawan epidemic of 1945, neurologic sequelae were found in 11 
of the 38 survivors who could be examined.* In this epidemic an 
accurate diagnosis had been made in 102 cases, and there were 26 
deaths. 

From studies of cases of the acute disease it is obvious that neuro- 
logic and psychiatric signs may occur early and remain as permanent 
sequelae. The acute phase of the disease is remarkably constant, lasting 
seven or eight days, and the majority of patients recovering within 
twenty-one days. Taylor’s*® outline of the clinical course of the disease 
is as follows: On the first two days there are headache and rigidity of 
muscles. On the third to the fifth day the patient is either lethargic or 
in coma; he exhibits convulsions, stiff neck, Kernig’s sign and loss of 
skin reflexes and eats nothing. On the sixth and seventh days the patient 


3. Japanese B Encephalitis, in Epidemic Encephalitis, report 3 of the Mathe- 
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is a little clearer but is lethargic or euphoric and presents stiffness of 
the neck and Kernig’s sign; the skin reflexes have reappeared. On the 
eighth and ninth days the delirium is almost gone; on the tenth day he 
can talk softly but cannot walk, and there is tremor of the tongue; on 
the thirteenth day the tremor of the tongue is nearly gone; on approx- 
imately the sixteenth day he can talk relatively well and walk, and on 
the twentieth day he can talk and walk well. 

Twelve Japanese patients at the Komagome Hospital seen between 
the forty-fifth and the sixtieth day of the disease presented severe neu- 
rologic and psychiatric sequelae. These had become apparent in the 
first few days of the disease and consisted of monoplegia, paraplegia, 
hemiplegia or dysphasia. Occasionally localized muscular atrophy had 
occurred as the disorder became chronic. The condition of one young 
woman resembled late catatonic schizophrenia with negativism and 
mutism. She would fold up into a fetal position when undisturbed, 
resuming such a position after it had been altered passively. She had 
severe muscular wasting and contracture of all limbs. 

In the files of Dr. Anna Manitoff, Tokyo military government health 
officer, there is the record of 4 cases of parkinsonism among Japanese 
following Japanese B encephalitis. These cases will be mentioned later. 


STUDY OF CURRENT CASES 


In the study of the late effects of Japanese B encephalitis in the 
Americans, both neurologic and psychiatric technics were utilized. It 
was desired to determine whether or not, as a result of their disease, 
the patients had been left with any deficit forty-five to sixty days after 
the onset. Some of these patients were seen repeatedly in psychiatric 
interviews. 

The few electroencephalographic tracings available in the American 
cases were of little or no value in prognosis. These records contained 
many technical defects, although abnormality was apparent in some of 
them. Aid in prognosis could be expected from the electroencephalo- 
gram with serial tracings. As long as the record remained abnormal, 
one might look for improvement in psychiatric and neurologic signs. 
However, if the electroencephalogram had returned to normal—which 
one might expect three or four months after the acute infection had 
subsided—and neurologic signs remained, the chances of amelioration 
of the neurologic condition were lessened. In other words, the healing 
capacity of tissue that has been injured acutely ceases about the time 
that the electroencephalogram reverts to normal. Improvement in signs 
thenceforth is on the basis of substitution rather than of healing. 
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In only 1 of the 19 Americans examined was it thought possible that the 
residual defects of encephalitis might still be present, and it is entirely likely that 
even in this patient the manifestations may have been attributable to emotional 
disorder unconnected with his recent acute disease. This patient was a Negro 
aged 21 who had had a moderately severe attack of Japanese B encephalitis. At 
the time of my examination, two months after his initial symptoms, he complained 
of pain in the epigastrium after eating, of giddiness and of weakness in the knees. 
He said that he had been nervous all his life, but that he was more so after his 
illness. He was anxious to leave Japan, where he had been on duty for five months, 
two of which had been occupied by the present illness. He had enlisted in the 
Army ten months prior to my seeing him. 

Neurologic examination revealed the following abnormalities: labial tremor 
and an even more obvious tremor of the outstretched fingers; a jaw jerk and 
a bilateral Hoffmann response. Tests of coordination were performed slowly and 
with tremor. 

He was reticent, hung his head while talking and picked nervously at his 
fingers. His finger nails were of excessive length, and he repeatedly snapped 
them during interview. He was informed on current world news. He failed at 
serial subtraction but did more difficult problems correctly. He was well oriented. 

He was the seventh of eleven children. He and his family lived in a small vil- 
lage in Missouri. He said that he had completed the eighth grade. He had worked 
on the farm with his father until the time of his enlistment in the Army—a move 


to escape his environment. ‘ 


Of the 16 military personnel, the return to duty of 11 was advised, 
3 of these despite certain neurotic symptoms of long standing which it 
was felt would not interfere with that duty. Five military personnel 
were believed unfit for duty because of disabling neuroses, a possible 
exception being the patient whose case has been cited. Of the 3 civilians, 
1 was back at active work and performing as well as ever, another was 
ready for work and the third was experiencing a minor menopausal 
depression. 

The occurrence of readily determinable neurosis in 8 of this miltary 
group of 16, in 5 of whom it was disabling, indicates the incidence of 
the disorder in American troops in the Far East. Service in hospitals 
in the Tokyo area gives the impression of an unusual amount of dis- 
abling neurosis in Army personnel in this area, the significance of which 
I leave for others to discuss. 

The only American who was severely disabled by Japanese B 
encephalitis had been evacuated before my arrival in Japan. The 12 
Japanese patients with residual defects at the Komagome Hospital, 
mentioned previously, illustrate what may occur neurologically in the 
wake of Japanese B encephalitis. Under the impact of this disease, 
patients may lose, for several months at least (as long as they had 
been observed), the ability to walk and talk. Analogous neurologic 
sequelae were observed in the Okinawan epidemic of 1945.4 
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COMMENT 


In its ability to produce residual effects, Japanese B encephalitis 
would appear to resemble other severe infections of the central nervous 
system. If the patient survives the onslaught of the disease, there is 
the possibility of severe neurologic deficit, the onset of which may be 
expected within the first ten days of symptoms. 

It appears that once this dangerous period has been passed without 
the appearance of crippling neurologic signs, the patient will go on to 
recovery. The only exception to this, as I see it, is the possible devel- 
opment of parkinsonism, which has been recorded in 4 Japanese patients, 
aged 6, 21, 22 and 35 years, in the current epidemic. I did not see 
these patients, but their relative youth would appear to make the obser- 
vation one of importance. It would seem difficult to mistake the signs 
of parkinsonism, and no disease other than encephalitis is known to pro- 
duce such symptoms with any frequency in the young. 


At present, the pathophysiology of parkinsonism® is not known. 
It is agreed that the substantia nigra is the structure most frequently 
involved in this syndrome, and that multiple lesions of the central ner- 
vous system are common. It is known that more than a single area of 
gray matter is involved in Japanese B encephalitis and that the sub- 
stantia nigra is among them. It is also known that parkinsonism was 


the commonest late sequela of the lethargic (von Economo) type of 
encephalitis, in which the substantia nigra was involved, and that one 
still sees cases in which parkinsonism develops twenty to twenty-five 
years after the patient apparently had the infection. This complication 
has been rare in the St. Louis and the equine type of epidemic enceph- 
alitis. 

To attribute the emotional disturbances that were observed in the 
present cases to Japanese B encephalitis would be to perpetuate a medi- 
cal error that has been made too frequently in the past. By the simple 
technic of listening and learning of previous maladjustment, one can 
readily determine that those who had had Japanese B encephalitis and 
later were exhibiting abnormal emotional reactions had had their neu- 
rosis long before the onset of this acute infection. Therefore, the latter 
must be evaluated in the light of what the attack means to each patient. 
Rounds in Tokyo hospitals and discussions with medical personnel 
indicate that there is unquestionably a high incidence of immature per- 
sonalities in the Army today. Such men find it difficult to spread the 
doctrine of reason and light. 


6. Heath, J. W.: Clinicopathologic Aspects of Parkinsonian States: Review 
of the Literature, Arch. Neurol. & Psychiat. 58:484-497 (Oct.) 1947. 
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SUMMARY 


The prognosis in Japanese B encephalitis is good once the early 
acute stage of the disease, usually lasting ten days, is passed without 
the appearance of disabling psychiatric or neurologic signs. 

In view of the inadequate knowledge of the pathophysiology of par- 
kinsonism, it is possible that patients who have had Japanese B enceph- 
alitis will exhibit this complication in the future in a somewhat higher 
incidence than in the rest of the population, since the substantia nigra 
is a zone involved by the disease process and multiplicity of lesions of 
the central nervous system is the rule. 

There is no reason to attribute directly to the infection the neu- 
rotic symptoms of persons who had had Japanese B encephalitis, since 
it is quite clear that such symptoms long antedated their acute disease. 


PATTERNS OF INCREASED ELECTRICAL SKIN RESISTANCE 
IN ACUTE HUMAN POLIOMYELITIS 


FRED M. BROWN, M.D. 
AND 


S. R. BRUESCH, M.D., Ph.D. 
MEMPHIS, TENN. 


ARIED disturbances of sweating are reported in poliomyelitis. 

Hyperhydrosis during the acute stage is described most frequently.’ 
Hyperactive sweating of the paralyzed extremity is reported often during 
the chronic phase,’ but rarely during the acute phase.*° However, 
hyperhydrosis over the paralyzed extremity during the acute phase is 
reported in a high percentage of cases in response to injection of pilo- 
carpine.* Diminished sweating of extremities atrophied by poliomyelitis 
was described in only 2 cases,* and diminished sweating during the 
acute phase has not been reported. 

This report is restricted to observations on diminished sweating 
during the acute phase of poliomyelitis as shown by areas of increased 
electrical skin resistance. 


From the Division of Anatomy, University of Tennessee. 

This study was aided by a grant from the National Foundation for Infantile 
Paralysis. 
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Innervation bei der Poliomyelitis anterior acuta, Deutsches Arch. f. klin. Med. 
180: 394-401 1937. 

2. Collins, V. J.; Foster, W. L., and West, W. J.: Vasomotor Disturbances 
in Poliomyelitis with Special Reference to Treatment with Paravertebral Sym- 
pathetic Block, New England J. Med. 236:694-697 (May 8) 1947. Harris, R. I.: 
Effect of Lumbar Sympathectomy on the Growth of Legs Shortened from Anterior 
Poliomyelitis: Preliminary Report, J. Bone & Joint Surg. 12:859-866 (Oct.) 1930. 
Ogilvie, W. H.: The Place of Operations upon the Sympathetic Nervous System 
in the Treatment of Poliomyelitis, Proc. Roy. Soc. Med. 26:429-436 (Feb.) 1933. 

3. Toomey, J. A.: Reaction of Poliomyelitis Patients to Autonomic Drugs, 
Proc. Soc. Exper. Biol. & Med. 29:867 (April) 1932. Toomey, J. A.: Reactions 
of Patients with Infantile Paralysis to Autonomic Drugs, Am. J. Dis. Child. 
47:573-577 (March) 1944. 

4. Higier, H.: Zur Klinik Schweissanomalien bei Poliomyelitis anterior 
(spinale Kinderlahmung) und posterior (Herpes zoster), Deutsche Ztschr. f. 
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MATERIALS AND METHODS 


The Dermometer—The dermometer was used for this investigation because 
it responds to minute changes in activity of the sweat glands. Also, this instrument 
may be used for the examination of critically ill and uncooperative patients. The 
model used is a modification of the instrument described by Bruesch and Richter. 
The present modification features a 45 volt battery controlled through a voltage 
divider to permit a gradual increase from 0 to 45 volts. The compact size of this 
instrument (base, 11 cm. square; height, 11.5 cm.; weight, 956 Gm.) makes it 
readily portable (fig. 1). 

Principles of Electrical Skin Resistance—The principles involved in the use 
of the dermometer have been reported from Richter’s laboratory. Briefly sum- 


Fig. 1—The dermometer and electrodes used in this study. 


marized, resistance of the skin to the passage of a minute direct electrical current 
varies inversely with the activity of the sweat glands. This activity is dependent 
on function of the sympathetic nervous system. Any lesion that depresses sympa- 
thetic activity causes diminution of sweating in the affected cutaneous area. 
Diminished sweating results in increased electrical skin resistance. The dermometer 
was not used in this study for direct measurements of the electrical resistance of 
the skin but, rather, was used to demonstrate relative differences in skin resistance. 


5. Bruesch, S. R., and Richter, C. P.: Cutaneous Distribution of Peripheral 
Nerves in Rhesus Monkeys As Determined by Electrical Skin Resistance Method, 
Bull. Johns Hopkins Hosp. 78:235-260 (April) 1946. 

6. Richter, C. P.: Instructions for Using the Cutaneous Resistance Recorder, 
or “Dermometer,” on Peripheral Nerve Injuries, Sympathectomies, and Paraverte- 
bral Blocks, J. Neurosurg. 3:181-191 (May) 1946. 
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Selection of Cases and Interval of Examination.—The patients were selected on 
the basis of a clinical diagnosis of acute poliomyelitis by the visiting staff. No 
patients were accepted for study for whom the clinical diagnosis was considered 
doubtful. 

Patients were examined for the first time on the afternoon after admission. 
Examination was postponed in the case of patients requiring the respirator and of 
a few critically ill patients for whom any disturbance was judged to be undesirable. 
Patients were examined every three to seven days during the period of acute illness. 
Patients showing normal skin resistance patterns were examined weekly for at 
least three weeks. For patients with patterns of increased skin resistance, examina- 
tions were continued for at least three weeks after the areas had returned to normal. 
A neuromuscular examination was made after each examination of skin resistance 
to estimate the degree of recovery. 

Environmental Conditions During Examination—All examinations were per- 
formed in the hospital wards. During the summer months the examinations were 
conducted at room temperature. During the fall and winter months external heat 
was required to differentiate normal areas of high resistance from abnormal areas. 
The additional heat was supplied by two 600 watt heating elements. The heating 
elements were mounted in reflectors and placed on each side of the bed approxi- 
mately 3 feet (90 cm.) above the patient. This arrangement produced satisfactory 
warming of children but resulted in uneven heating in the cases of the few adults 
examined. 

Demarcation of Areas of Increased Skin Resistance—A routine procedure was 
followed in every examination of skin resistance. Electrode jelly was used on the 
fixed electrode.? The traveling electrode was placed in the perioral region, and 
the voltage divider was adjusted to give a maximal deflection of the microammeter 
needle. An open circuit voltage of 8 to 14 was required to produce maximal 
deflection under the conditions of the examination. The closed circuit voltage in 
nonsweating areas was approximately equal to the open circuit voltage, while the 
closed circuit voltage on the sweating palm of a normal subject was 3 to 5. The 
full scale of the microammeter equaled 50 microamperes, marked off into 100 
divisions. Areas of skin that produced less than 20 per cent deflection of the 
microammeter needle were judged to be abnormal under the conditions of the 
examinations. This arbitrary 20 per cent deflection was chosen for the following 
reasons : 

1. Areas of such high resistance do not occur in normal subjects under similar 
conditions. 

2. Heating will not produce visible perspiration in such areas. 

3. When the traveling electrode is moved from the center toward the margin of 
an area of diminished sweating, the resistance decreases rapidly after 20 per cent 
deflection has occurred. 

The areas of increased resistance were marked directly on the skin with a 
wax pencil. The patterns were then recorded on printed trunk and extremity 
charts. The boundaries of the areas were described on the charts, and representa- 
tive patterns were photographed. 


7. Levine, M.: Measurement of Electrical Skin Resistance, Arch. Neurol. & 
Psychiat. 29:828-842 (April) 1933. 

8. Richter, C. P., and Malone, P. D.: Peripheral Nerve Lesion Charts, J. 
Neurosurg. 2:550-552 (Nov.) 1945. 
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RESULTS 


Fifty-one patients with acute poliomyelitis were examined. The 
extent of the paralysis in these cases is summarized in table 1. Thirty 


TABLE 1.—E-xtent of Paralysis in the Patients Examined 


Number 

Patients 
Paralysis restricted to one upper extremity...............ceeeceeeeceeeeees 6 
Paralysis restricted to both upper extremities..............cceecceeeeceeees 1 
Paralysis restricted to one lower extremilty........cvcccccccccccccccccccoces 6 
Paralysis restricted to both lower extremities..................cceeeeeceeee 7 
Paralysis restricted to one upper and one lower extremity................ 3 
Paralysis restricted to both upper and one lower extremity..............-- 2 
Paralysis restricted to one upper and both lower extremities.............. 14 
Paralysis restricted to both upper and both lower extremities............ 4 
Total number of pationts 51 


Fig. 2.—Grading of axillary patterns. The three oval black lines enclose the 
areas of skin resistance graded +, ++, +-+-++, respectively. 


patients had paralysis involving one or both upper extremities, and 36 
patients, paralysis involving one or both lower extremities. 

Axillary Patterns of Increased Electrical Skin Resistance—Of the 
30 patients with paralysis of the upper extremity, 19 had axillary pat- 
terns of increased resistance. The maximal areas of increased resistance 
(+++ in figure 2) remained within the anterior and posterior boun- 
daries of the axilla. In some instances they extended as far distally as 
halfway to the elbow on the medial aspect of the arm and proximally 
to a line drawn laterally from the nipple. Patterns of intermediate size 
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(+ + in figure 2) usually involved only the axillary hair-bearing area, 
with a tendency to extend closer to the posterior border of the axilla. 
Minimal patterns (+ in figure 2) were usually within the hair-bearing 
area but tended to occur nearer the posterior border of the axilla. 
Axillary patterns of increased resistance which were of maximal size 


Fig. 3 (case 20).—Decrease in axillary areas of increased skin resistance. A 
and C are bilateral maximal areas of elevated resistance; B and D, axillary patterns 
in the same patient forty-one days later. 


on initial examination may be observed to have decreased to small 
patterns before disappearing entirely (fig. 3). 

Table 2 demonstrates a correlation between paralysis of the upper 
extremity and axillary areas of increased skin resistance. Of 9 patients 
with unilateral paralysis of the upper extremity, 5 showed unilateral 
axillary patterns on the involved side. The remaining 4 patients with 
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unilateral paralysis of the upper extremity had bilateral axillary patterns. 
However, the pattern was larger on the paralyzed side in the 4 patients 
and persisted longer on the paralyzed side in 3 of the patients. 

Of the 10 patients with bilateral paralysis of the upper extremity, 
8 had bilateral axillary areas of increased resistance (fig. 3). In 1 of the 
remaining 2 patients the unilateral pattern was on the side of the severer 
involvement. 


TaBLe 2.—Correlation of Axillary Pattern of Increased Skin Resistance with 
Paralysis of the Arm 


Axillary Pattern of Increased 
istance 


Paralysis of Arm * a 
Duration, 
Admission Discharge Size t Days 
Case No. Right Left Right Left Right Left Right Left 

+++ ++ ad ++ 6-10 
+++ +++ +++ ++ 8-22 1-13 
+++ +++ +++ ++ 4-11 1-4 
++ _ + ++ 1-3 1-3 
+++ ++ +++ 1-4 4-15 
+ + ++ ++ 5-21 6-21 
+ ++ +++ 1-4 1-4 
Uh. ++ ++ - ++ 1-5 
1B. ++ +++ + - ++ 7-12 
Wacccccoccces ++ ++ + + ++ ++ 52-58 52-58 
Waiscecesoceee +++ + +++ — ++ + 59-66 47-59 
WB. ccocccecces +++ +++ ++ +++ ++ +++ 10-20 10-20 
Wa +++ +++ +++ +++ +++ ++ 1-8 9-17 
+++ +++ +++ 113-128 113-128 
+++ +++ +++ +++ ++ ++ $16 8-16 


* Paralysis of the arm was graded +, ++ and +++, according to severity. 

+t Average size of pattern at all examinations. 

+ indicates an area less than the hair-bearing area of the axilla of an adult; ++, an 
area equal to the hair-bearing area of the axilla of an adult; +++, an area more than 
the hair-bearing area of the axilla of an adult. 


In 2 patients without paralysis of the arm, but with spasm of the 
hamstring and paraspinal muscles, bilateral axillary patterns were dem- 
onstrated. These areas of increased resistance showed the characteristics 
of size and duration previously correlated with paralysis of the arm. 

Of 10 patients with asymmetric bilateral axillary patterns, 6 had 
the larger pattern on the side of severer involvement (fig. 4). There 
were no patients with asymmetric axillary patterns on whom the larger 
area occurred on the side of less severe paralysis. 

The increase in axillary skin resistance is a temporary phenomenon. 
In 19 patients the duration of the pattern was known. In 3 patients 
the area returned to normal within seven days; in 8 patients, within 
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fourteen days, and in 5 patients, within twenty-one days. In the remain- 
ing 3 patients the pattern lasted fifty-eight, sixty-six and one hundred 
and twenty-eight days (fig. 3). 


Fig. 4 (case 17).—Asymmetry of bilateral axillary patterns of elevated skin 
resistance. The largest patterns on the right side, the side of more extreme 
paralysis of the upper extremity. 


Patterns of Increased Skin Resistance on the Thigh.—Three patients 
showed areas of increased resistance on the lateral aspect of the thigh 
halfway between the hip and the knee (fig. 5). The pattern was present 
less than five days in 2 of the patients, but it persisted from twenty- 
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Fig. 5 (case 15).—Pattern of increased skin resistance on the lateral surface 
of the right thigh in a case of bilateral paralysis of the lower extremities, with 
involvement severer on the right side. 


Fig. 6 (case 13).—Inguinal and medial thigh pattern of increased skin resistance 
in the inguinal region and medial aspects of the thigh in a case of bilateral paralysis 
of the lower extremity. 
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three to thirty-five days in the third patient. All 3 patients had 
paralysis of the lower extremity, and 2 had bilateral paralysis of the 
upper extremity also. 

Inguinal Patterns of Increased Skin Resistance-——Two patients 
showed patterns of increased resistance in. the inguinal region and over 
the medial aspect of the thighs (fig. 6). The duration of the pattern was 
eighteen days for 1 patient and more than sixty days for the second. 
Both patients had severe bilateral paralysis of the lower extremity 
and less severe involvement of the upper extremity. 


COMMENT 


Accuracy of the Results——The accuracy of the results in this investi- 
gation was influenced by several factors. Room temperature and 
humidity could not be controlled. The method used for additional heat- 
ing was not controlled. Since in most cases the border area of skin 
resistance was only relatively increased, the size and shape of the pattern 
varied with the amount of the external heat and the humidity. As the 
temperature and the humidity varied, the amount of current used for 
examinations of the skin resistance also varied. The configuration of 
the patterns was altered by different amounts of current. However, 
as the room temperature and the humidity increased, the amount of 
current used decreased. Therefore, these variable factors tended to 
cancel the error arising from these environmental effects. 

Reasons That the Areas of Increased Resistance Are Abnormal.— 
Although the sources of error are recognized, there is sufficient evidence 
to show that these areas of increased skin resistance are abnormal. This 
evidence may be stated as follows: 

1. Such patterns are not present in normal subjects under similar 
conditions. 


2. The patterns were unilateral in 11 patients. 

3. The bilateral axillary patterns were asymmetric in 7 patients. 

4. The borders were sharp in the majority of patients. 

5. The demarcated areas did not sweat when surrounding areas 
of skin sweated profusely. 

6. Patterns obtained on the same patient at successive examinations 
are similar. 

7. Asymmetric bilateral axillary patterns showed the same relative 
asymmetry at successive examinations. 

8. Patterns occurring in similar areas were similar in different 
patients. 

Reasons That the Areas of Increased Resistance Are Due to 
Poliomyelitis —Similar areas of increased resistance may be discovered 
in other pathologic processes. However, in the patients observed in 
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this series the areas were due to poliomyelitis. The reasons are as 
follows : 

1. The unilateral axillary patterns were correlated with unilateral 
paralysis of the upper extremity on the same side. 

2. The unilateral areas of increased skin resistance on the lower 
extremity occurred on the side of greater involvement. 

3. The asymmetric bilateral axillary patterns were correlated with 
asymmetric paralysis of the upper extremity. 

Causative Lesion of the Axillary Patterns.——Since the patients 
reported here recovered, pathologic studies could not be made. For 
this reason, the lesion producing the areas of increased skin resistance 
cannot be localized accurately. However, consideration of the obser- 
vations in relation to known autonomic centers and the pathology of 
poliomyelitis suggests several possibilities. 

Injury of a cutaneous nerve or paravertebral sympathetic ganglion 
produces patterns of increased resistance. The axillary area does not 
correspond to the cutaneous distribution of a peripheral nerve or sympa- 
thetic ganglion.® It is probable, therefore, that the responsible lesion 
is not located in these peripheral structures. 

Axillary sweating shows certain differences from general body sweat- 
ing. Structurally, both apocrine and eccrine sweat glands are present. 
Functionally, the axilla sweats in response to both thermal and emotional 
stimulation. Kuno’ suggested that the eccrine glands respond to 
thermal stimulation, while the apocrine glands respond to emotional 
tension. Such reactivity of the glands in a discrete area implies a 
center or centers of integration in the central nervous system. However, 
no description of such centers for axillary sweating has been located in 
available periodical literature. 

The spinal cord is the site of the lesion producing the muscular 
paralysis; so the spinal cord must be considered as a possible site of 
the lesion producing the increased axillary resistance. The correlation 
of axillary patierns with the side and severity of paralysis can be 
explained by assuming that both are manifestations of a pathologic 
process in the spinal cord. Sweating in the axillary area is controlled 
by the intermediolateral cell column principally of the second and third 
thoracic segments.4* Presumably, if the causative lesion is located in 


9. Richter, C. P., and Woodruff, B. G.: Lumbar Sympathetic Dermatomes in 
Man Determined by the Electrical Skin Resistance Method, J. Neurosurg. 8:323- 
338 (Sept.) 1945. 

10. Kuno, Y.: The Physiology of Human Perspiration, London, J. & A. 
Churchill, Ltd., 1934. 

11. Guttmann, L.: The Distribution of Disturbances of Sweat Secretion After 
Extirpation of Certain Sympathetic Cervical Ganglia in Man, J. Anat. 74:537-549 


(Footnote continued on next page) 


t 
1 


776 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


the spinal cord, it is in these segments. On the other hand, paralysis 
of the upper extremity is evidence of involvement of the anterior 
horn from the third cervical to the first thoracic segment. At autopsy 
lesions are rarely seen between the first thoracic and the second lumbar 
segment, and when these segments are involved the intermediolateral 
column is usually spared.‘* Furthermore, in 19 of 30 cases reported 
in this paper with paralysis of the upper extremity there was no 
increase in axillary resistance. Finally, there are no reports in the 
available periodical literature of a center in the spinal cord for inte- 
gration of the influence of higher levels on axillary sweating. 

There is evidence that centers in the medulla may control the palmar 
psychogalvanic reflex,’* but no evidence of any other type of integrative 
center in this region for control of sweating has been recorded. The 
3 patients in this series with clinical evidence of bulbar involvement 
showed no changes in axillary skin resistance. 

The hypothalamus is the best known integrative center for all types 
of autonomic functions. The hypothalamus exerts control over thermal 
sweating and the various emotional responses. It would be a reasonable 
location for a center integrating axillary sweating in response to heat, 
emotional tension and sexual excitement. In a high percentage of 
cases of human poliomyelitis in which autopsy has been performed 
lesions were present in the hypothalamus.’* Also, there is evidence 
that such lesions frequently are well developed in the preparalytic stage 
and may be predominantly unilateral.’ 

A lesion in this region affecting a center for axillary sweating would 
explain most of the peculiarities of axillary patterns of increased resist- 
ance in poliomyelitis. The bilateral asymmetric axillary patterns could 
be explained as the result of the predominantly ipsilateral influence of 
a unilateral hypothalamic lesion. Or such asymmetric patterns could be 


(July) 1940. Hyndman, O. R., and Wolkin, J.: Sweat Mechanism in Man; Study 
of Distribution of Sweat Fibers from the Sympathetic Ganglia, Spinal Roots, 
Spinal Cord and Common Carotid Artery, Arch. Neurol. & Psychiat. 45:446-467 
(March) 1941. Richter, C. P.: Cutaneous Areas Denervated by Upper Thoracic 
and Stellate Ganglionectomies Determined by the Electrical Skin Resistance 
Method, J. Neurosurg. 4:221-232 (May) 1947. 

12. Thomas, A., and Ajuriaguerra: Les troubles thermiques et circulatories: 
L’adipose souscutanée de la paralysie infantile, Presse méd. 50:689-690 (Nov.) 
1942. Toomey, J. A.: Explanation of Mechanism of Infantile Paralysis Produc- 
tion in Human Beings, Ann. Int. Med. 8:854-864 (Jan.) 1935. 

13. Darrow, C. W.: Neural Mechanisms Controlling the Palmar Galvanic 
Skin Reflex and Palmar Sweating: A Consideration of Available Literature, 
Arch. Neurol. & Psychiat. 37:641-663 (March) 1937. 

14. Howe, H. A., and Bodian, D.: Neural Mechanisms in Poliomyelitis, New 
York, The Commonwealth Fund, 1942. 

15. Bodian, D., and Howe, H. A.: Experimental Non-Paralytic Poliomyelitis ; 
Frequency and Range of Pathological Involvement, Bull. Johns Hopkins Hosp. 
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explained as the result of bilateral hypothalamic lesions with the severer 
lesion on the side of the severer involvement of the cervical portion of 
the cord. Cases with involvement of the cervical portion of the cord 
and no axillary patterns could be explained by absence of the hypo- 
thalamic lesion. Finally, cases with axillary patterns but no paralysis 
of the upper extremity could be explained by an arrest of the downward 
progression of the disease process before reaching the cervical portion 
of the cord. 

Cortical representation of sweating in area 6 and the anterior part 
of the temporal lobe has been shown.’* A cortical center for axillary 
sweating has not been reported. There is a paucity of poliomyelitic 
lesions in the cerebral cortex other than area 4,14 where autonomic 
centers have not been demonstrated. 

The areas of increased skin resistance in the lower extremities are 
not functionally or structurally discrete. These areas do not correspond 
to the distribution of a cutaneous nerve, sympathetic ganglion or sympa- 
thetic preganglionic spinal segment.® With so few cases and the absence 
of uniformity of observations, the location of the lesion for the patterns 
of the lower extremity does not justify further discussion. 


SUMMARY AND CONCLUSIONS 


Fifty-one patients with acute poliomyelitis were examined for areas 
of increased electrical skin resistance. Such areas of increased resistance 
represent sites of reduced or no sweating. 

Of 30 patients with paralysis of the upper extremity, 19 showed 
axillary areas of increased skin resistance. The axillary areas of skin 
resistance, when present, were correlated with the presence of paralysis 
of the upper extremity and the severity of the involvement. Two 
patients with no paralysis of the upper extremity showed axillary areas 
of increased skin resistance. 

Of 36 patients with paralysis of the lower extremity, 5 showed areas 
of increased skin resistance on the lower extremities. When the pattern 
for the lower extremity is unilateral, it occurs on the side of the severer 
involvement. 

Areas of increased electrical skin resistance were temporary in acute 
poliomyelitis and returned to normal within twenty-one days after 
onset of paralysis in most cases, with a range up to one hundred and 
twenty-eight days. 

The neurologic lesion producing the areas of increased resistance has 
a cerebral location, possibly within the hypothalamus. 


University of Tennessee. 


16. Kennard, M. A.: Autonomic Function, in Bucy, P. C.: The Precentral 
Motor Cortex, Urbana, IIl., University of Illinois Press, 1944, pp. 294-306. Fulton, 


J. F.: Physiology of the Nervous System, New York, Oxford University Press, 
1943. 


ARTERIOVENOUS FISTULA (ANEURYSM) OF THE GREAT 
CEREBRAL VEIN (OF GALEN) AND THE 
CIRCLE OF WILLIS 


Report on Two Patients Treated by Ligation 


EDWIN BOLDREY, M.D. 
AND 
EARL R. MILLER, M.D. 
SAN FRANCISCO 


RTERIOVENOUS fistula (aneurysm) connecting the great cere- 
bral vein (of Galen) and the circle of Willis is a congenital 
anomaly, apparently of rare occurrence and heretofore a pathologic curi- 
osity. Only 6 examples of this defect have, to our knowledge, been 
described, 5 in the literature and 1 in a personal communication. In 5 
cases the condition was noted at autopsy; in the sixth the diagnosis 
was made on the basis of observation at operation. The purpose of 
this paper is to present the cases of 2 living patients in whom this 
anomaly was discovered by means of cerebral angiography, to discuss 
the clinical course and treatment of the condition in these 2 children 
and to suggest that the anomaly may be commoner than one might 


suppose. 
REPORT OF CASES 


Case 1.—The child was referred by Dr. Ernst Wolf, of San Francisco, at the 
age of 16 months because of progressive enlargement of the head for the previous 
eight months. At the time the patient was first seen, the circumference of the 
head was 55 cm. The veins of the face and scalp were dilated generally, giving 
a suffused, cyanotic appearance to the upper half of the face. A cracked pot note 
could easily be elicited. A loud bruit could be heard anywhere over the head. 
Behind the right mastoid region a soft, pulsating mass 4 cm. in diameter was 
palpable. The optic fundi were normal, and the visual fields were apparently full. 
The cerebrospinal fluid pressure was normal, and the chemical constituents were 
within normal range. A slight pes varus, present at birth, was still apparent. 
Otherwise, results of examination were not remarkable. 

There was a history of the child’s having fallen from an examining table at 
the age of 2 months. Otherwise the past history, as well as the history of the 
mother during pregnancy, was irrelevant. 

At the time of the patient’s first admission, the retromastoid mass, consisting 
of small arteries and veins, was removed, without effect on either the bruit or 


Read at the Seventy-Third Annual Meeting of the American Neurological 
Association, Atlantic City, N. J., June 16, 1948. 

From the Division of Neurological Surgery and the Division of Radiology, 
University of California Medical School. 
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the vascular engorgement. The patient was discharged, but two months later he 
was brought in again with signs and symptoms suggesting a subarachnoid hemor- 
rhage, possibly the result of a slight bump on the head. Papilledema was then 
found to be present; the neck was stiff; the patient was drowsily irritable, and 
the cerebrospinal fluid was under increased pressure and was grossly bloody. 
Five days later a second hemorrhage occurred spontaneously. A month after the 
first hemorrhage the cerebrospinal fluid pressure was 350 mm. of water. The 
circumference of the head had increased 12 mm. in eight weeks. 

The patient was watched for three and a half months. At the end of this time, 
because of the continued bruit, the progressively enlarging head and the two 
subarachnoid hemorrhages, an angiogram of the right carotid artery was obtained 
(fig. 1A). This showed a tremendous bulbous aneurysm of the great cerebral vein 
(of Galen) (measuring 4.8 by 4.0 cm. on the film) with associated enlargement 
of the right posterior communicating and posterior cerebral arteries and dilatation 
of the straight sinus (1 cm. diameter on the film), the torcular Herophili (3 by 
3.3 cm. on the film) and their respective tributaries. Ligation of the right com- 
mon carotid artery was done two days later, followed in two weeks by ligation of 
the right internal and external carotid arteries. 

After this ligation the papilledema disappeared, the engorgement of the veins 
of the scalp was decreased and the growth of the head was retarded. The bruit 
seemed unaltered, however. Therefore, six weeks after the last vascular ligation 
on the right, an angiogram of the left carotid artery was obtained (fig. 1B). This 
demonstrated adequate filling of both anterior and both middle cerebral vessels from 
this stem, but no filling of the arteriovenous fistula (probably because of interfering 
blood supply by way of the basilar artery). The vascular pattern was character- 
istic of hydrocephalus. 

With this evidence of competence of the cerebral vessels and with the constant 
threat of another hemorrhage (as evidenced by the loud persisting bruit), the posterior 
communicating and the posterior cerebral artery were exposed on the right and 
the latter was clipped with four tantalum clips just distal to the connection from 
the basilar artery, which could easily be seen. The bruit disappeared immediately ; 
later, a faint swish appeared, such as is commonly heard in hydrocephalic infants 
and sometimes in apparently normal children. 

After this the child’s activity increased rapidly. No motor or sensory deficit 
occurred, nor could any visual field defect be demonstrated. To account for the 
normal fields, one must assume an anomalous blood supply to the visual cortex, 
for no branches were seen at operation. In the three years which have elapsed 
his development has been regarded as normal. 


Case 2.—The patient was presented for study at the age of 15 years because 
of “swollen veins about the right eye and forehead,” which had been present since 
birth. Dr. John Ritchie, of Santa Cruz, Calif., had referred the patient to us with 
the diagnosis of an intracranial arteriovenous fistula. The venous dilatation 
was always more pronounced when the patient was tired, and it had been par- 
ticularly obvious in the previous three months. Extreme fatigability had caused 
his family to regard him as a semiinvalid from early childhood. Except for a basal 
skull fracture at the age of 8 years, his past history was not remarkable. It is 
worth noting, however, that he was the first child of a mother who was 35 at the 
time of his birth. 

On examination, the venous engorgement, a unilateral exophthalmos (right 
eye, 22 mm.; left eye, 18 mm.) and a bruit clearly audible over the entire head 
with the patient in all positions were felt to be worthy of comment. A roent- 
genogram of the skull (fig. 24) showed a faintly outlined radiopaque crescent in 
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the region of the great cerebral vein (of Galen). A working diagnosis of arterio- 
venous fistula involving the great cerebral vein was entertained. 

An angiogram of the right internal carotid artery (fig. 2B) demonstrated a 
fistulous connection between enlarged posterior communicating and posterior cere- 
bral arteries on the right side and a bulbous great cerebral vein, which measured 


Fig. 1 (case 1).—A, angiogram of the right internal cwretld artery, showing the 
right posterior communicating artery and the right posterior cerebral artery 
entering the dilated great cerebral vein (of Galen) and filling the straight sinus, the 
dilated torcular Herophili and, by reflux, the internal cerebral veins (small veins 
of Galen) and the sagittal sinus. B, angiogram of the left internal carotid artery taken 
after the right carotid artery had been ligated. In stereoscopic views both 
anterior and both middle cerebral vessels are seen to have filled via this one stem. 
There is no demonstrable connection between this stem and the fistula shown in J. 


4.5 cm. in diameter on the film. The tributaries, including the straight and sagittal 
sinuses, were enlarged. The left carotid artery did not contribute demonstrably 
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to the anomaly. After ligation of the right internal and external carotid arteries, 
the venous engorgement disappeared and the bruit was diminished but not elimi- 
nated. An attempt was made to expose the posterior cerebral artery but was 
abandoned because of intervening dilated and pulsating venous channels. Limited 
activity was prescribed and in the ensuing two years no related developments have 
been observed. 


_ Fig. 2 (case 2).—A, roentgenogram of the skull showing crescentic calcifica- 
e tion in the vicinity of the great cerebral vein (of Galen). B, angiogram of the 
right internal carotid artery, showing a dilated posterior communicating artery, 
dilated posterior cerebral artery and bulbous dilatation of the great cerebral vein, 
ocupying the region of the calcified ring shown in A. An angiogram of the left 


e carotid artery showed no connection between this fistula and the left internal 
carotid artery. 

COMMENT 

th As far as we know, attention was first called to this anomaly in 
n. 

4 1940 by Russell and Nevin.1 A boy was studied because of dilated 
al 1. Russell, D. S., and Nevin, S.: Aneurysm of the Great Vein of Galen 
ly Causing Internal Hydrocephalus; Report of Two Cases, J. Path. & Bact. 51:375- 


383 (Nov.) 1940. 


4 
¥ 
em q a, 
% @ 
“a 


782 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


veins of the scalp, hydrocephalus and bruit. He languished and died 
when he was 17 months of age, the course of his illness being roughly 
parallel to that in our first case up to the time of carotid angiography. 
The second patient reported on by these authors was seen in 1921. 
The presenting symptom was stated simply as hydrocephalus. This 
child, a boy, died twenty-four hours after a cerebellar decompression ; 
as in the first case, the anomaly was discovered at autopsy. 

The case of Alpers and Forster? (1945) was that of a youth aged 
18 who was studied because of headache, present since childhood. The 
condition had increased in severity and had been associated with dizzi- 
ness for the two months preceding their investigation. Because of 
intracranial calcification in the pineal region shown roentgenographi- 
cally, a craniotomy was performed, but the patient died forty-eight 
hours later. The arteriovenous shunt was found at autopsy. 

Jaeger and Forbes * (1946) discussed the case of a boy 4% years 
of age who was presented because of prominent veins of the scalp, 
epistaxis and cranial bruit. His mother’s pregnancy had been compli- 
cated by persisting menstrual bleeding; cranial enlargement had been 
diagnosed roentgenographically before the birth, and there had been 
difficulty in getting him to breathe at the time of his birth. An arterio- 
venous fistula was suspected and carotid angiography attempted, but 
the study was unsatisfactory. Two months later, the clinical course 
suggested activation of the suspected fistula, and on clinical grounds the 
left common carotid artery was ligated. The child died six weeks later, 
of unrelated causes. The multiple arteriovenous fistulas between the 
posterior cerebral arteries and the internal cerebral veins (small veins 
of Galen) were discovered at autopsy. 

The fifth related case found in the literature (Oscherwitz and David- 
off,* 1947) concerned a woman aged 27 (the only woman in this series) 
whose complaint was headache with intermittent blurring of vision. 
Roentgenograms of the skull revealed a calcified mass in the pineal 
region. At operation this mass was punctured and found to contain 
arterial blood. On this basis a diagnosis of arteriovenous “aneurysm” 
between the great cerebral vein (of Galen) and the circle of Willis was 
made. The patient survived and on discharge was asymptomatic. 


2. Alpers, B. J., and Forster, F. M.: Arteriovenous Aneurysm of the Great 
Cerebral Vein and Arteries of the Circle of Willis, Arch. Neurol & Psychiat. 
54:181-185 (Sept.) 1945. 

3. Jaeger, R., and Forbes, R. P.: Bilateral Congenital Arteriovenous Com- 
munications (Aneurysm) of the Cerebral Vessels, Arch. Neurol. & Psychiat. 
55:591-599 (June) 1946. 

4. Oscherwitz, D., and Davidoff, L. M.: Midline Calcified Intracranial Aneu- 
rysm Between Occipital Lobes, J. Neurosurg. 4:539-541 (Nov.) 1947. 
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A sixth case has been reported to us by Cloward*® (1946). The 
patient, a Filipino aged 34, had signs of a calcified growth in the pineal 
region. This was shown at autopsy to be the result of an arteriovenous 
fistula involving the great cerebral vein. 

To date, then, 8 cases of arteriovenous fistula involving the great 
cerebral vein (of Galen) have been reported. Seven patients were 
male, and 1 was female. In 4 cases the lesion was found in childhood ; 
in 2, in the second decade of life; in 1, in the third decade, and in 1, 
in the fourth decade. The commonest signs were enlargement of the 
head, dilatation of the veins of the scalp and cranial bruit. Calcifica- 
tion of the wall of the aneurysm was seen roentgenologically in the 4 
older patients. The diagnosis was made at autopsy in 5 instances. In 
1 case the aneurysm filled with arterial blood was found at operation. 
The diagnosis in the 2 cases reported here was made by means of carotid 
angiography. 

The treatment in the case of the surviving patient previously 
described in the literature was by use of coagulant material after the 
sac had been entered surgically. In the cases presented here, the right 
internal and external carotid arteries were ligated ; in the younger patient 
it was possible to ligate the right posterior cerebral artery distal to its 
connection with the basilar and the right posterior communicating 
artery. 

CONCLUSION 


The rarity of today becomes the commonplace of tomorrow by 
virtue of the development of new methods of study and of learning 
what to look for. It is believed likely that with greater attention to 
angiography anomalies of this character may be found to be less rare 
than is currently apparent. Vascular engorgement of vessels of the 
scalp in the presence of a pronounced and persisting bruit is sufficient 
justification for the study of the cerebral vascular tree. The addition 
of a calcified shell in the pineal region visible roentgenologically, associ- 
ated enlargement of the head, indicating embarrassment of the cerebro- 
spinal fluid flow, or the occurrence of subarachnoid hemorrhage renders 
an angiographic examination imperative. 

If the lesion is approached sufficiently early, venous tributaries may 
not have become dangerously engorged, and there appears to be hope 
for the successful interruption of, the anomaly. This possibility seems 
to diminish, however, as the arterial and venous connections enlarge 
with age. 


University of California Medical School (22). 


5. Cloward, R. B.: Personal communications to the authors, 1946. 
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LONGEVITY IN MULTIPLE SCLEROSIS 


DANIEL SCIARRA, M.D. 
AND 


SIDNEY CARTER, M.D. 
NEW YORK 


HE DURATION of life after onset of symptoms in patients with 
multiple sclerosis is quite variable. The reports in the literature 
give ten to thirteen years as the average duration of life in both clinical 
cases and in cases verified at autopsy.’ Survival for twenty to thirty 
years is not unusual but survival over thirty years is rare. Bramwell *” 
reported 23 cases and Heine* noted 12 cases of survival for twenty 
to thirty years. In a series of 170 clinical cases, Bramwell described 
7 cases of survival for thirty years or more: in 3 cases for thirty years 
and in 1 case each for thirty-two, thirty-four, thirty-five and thirty- 
seven years.’> Wechsler,’ in a review of 1,970 clinical cases, noted no 
case in which the patient lived beyond thirty years except for those 
cited by Bramwell. Wilson‘ incorrectly cited Adie as listing a case 
of fifty-four years’ duration. Adie,® in discussing the interval between 
an attack of retrobulbar neuritis and the onset of other symptoms of 
multiple sclerosis, cited a case in which this interval was twenty-four 
years and then asked, “If 24 years is possible, why not 54?” 
In a review of 47 cases of multiple sclerosis with autopsy, we found 
3 patients who lived thirty years and more after the onset of their 
illness. One of these patients survived thirty years, 1 thirty-one 


From the Department of Neurology, Columbia University College of Phy- 
sicians and Surgeons; Montefiore Hospital, and the Neurological Institute of 
New York. 

1. (a) Brain, W. R.: Prognosis of Disseminated Sclerosis, Lancet 2:866, 
1936. (b) Bramwell, B.: The Prognosis in Disseminated Sclerosis: Duration in 
Two Hundred Cases of Disseminated Sclerosis, Edinburgh M. J. 18:16, 1917. 
(c) Carter, S.; Sciarra, D., and Merritt, H. H.: The Course of Multiple Scle- 
rosis as Determined by Autopsy Proven Cases, A. Research Nerv. & Ment. Dis., 
Proc. 28:1949, to be published. 

2. Heine, L.: Fate of Patients with Multiple Sclerosis, Miinchen med. 
Wehnschr. 83:1905, 1936. 

3. Wechsler, I. S.: Statistics of Multiple Sclerosis, A. Research Nerv. & 
Ment. Dis., Proc. 2:26, 1922. 

4. Wilson, S. A. K., and Bruce, A. N.: Neurology, Baltimore, Williams & 
Wilkins Company, 1940. 

5. Adie, W. J.: Discussion on Disseminated Encephalo-Myelitis, Proc. Roy. 
Soc. Med. 22:1257, 1929. 
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and 1 sixty-four years after the onset of the multiple sclerosis. The 
case with a duration of sixty-four years is presented in some detail, since 
no instance of similar survival has previously been reported. The other 
2 cases are presented because the illness was of unusual duration and 
the diagnosis was verified at autopsy. 


REPORT OF CASES 


Case 1 (L. B.).—Clinical Course—A German-born man aged 46 entered the 
Montefiore Hospital in January 1891. The family and personal histories were 
not contributory. The onset of his illness was at the age of 20, with tremor 


Fig. 1—Patch of demyelination involving two thirds of the spinal cord. 


and transitory weakness in the right leg. There was a remission of these symp- 
toms for seven years. Then he began to note weakness of his right leg and left 
arm. The weakness in the leg was progressive, whereas that in the arm remained 
stationary. Intermittent diplopia was first noted at the age of 38. At the age 
of 46 he noted weakness of the left leg, occasional fecal incontinence and cramplike 
pains in his calves and in the right side of his chest. 

On the patient’s admission to the hospital, the pupils reacted sluggishly to 
light and did not react in accommodation. There were slight weakness of the 
right half of the face, spastic paraplegia and weakness of his left arm. The triceps 
and abdominal reflexes were absent. The knee jerks were hyperactive, and there 
was ankle clonus on the left. The plantar reflexes were recorded as “exaggerated.” 
(This may have indicated the presence of an extensor plantar response, which 
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was not described by Babinski until 1896, five years later.) Superficial sensation 
was intact. Deep muscular sensation was impaired in the legs. The weakness 
of the legs progressed slowly for the next twenty years, and the patient became 
chair-ridden at the age of 67. In addition to previous findings, at the age of 71 
the patient had bilateral paralysis of the abducens nerve, absence of the right 
ankle jerk and bilateral extensor plantar responses. A record of the examina- 
tion at the age of 76 noted convergent squint, questionable weakness of the right 
abducens nerve, deviation of the tongue to the right, absence of deep reflexes 


Fig. 2.—Patch of demyelination in the sacral region of the cord. 


in the arms, a withdrawal response in the right leg, impairment of coordination in 
the left arm and loss of vibration and position sense in the left hand. Tremor of 
the outstretched hands was noted at the age of 79. When the patient was 81, 
neurologic examination showed essentially the same status as before except for 
the loss of deep sensation in all four extremities and poor coordination in both 
arms, the impairment in the left arm being greater than that in the right. Deep 
reflexes were absent throughout, and vibration sense was absent up to the clavicle. 
At the age of 82 vesical and rectal incontinence was present. In addition to 
previous signs, the patient showed astereognosis in the left hand and hypalgesia 
in the left leg. The right leg was hypotonic and the left was spastic. 
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Neurologic examination made in the last year of the patient’s life, at the age 
of 84, revealed no mental changes. The pupils reacted to light but poorly in 
accommodation. Weakness of the external rectus muscle was present bilaterally. 
The tongue deviated to the right. Both lower extremities were weak, the right 
being more affected than the left, and there was some weakness of the left upper 
extremity. Atrophy of the small muscles of the left hand was noted. All tendon 
reflexes were absent. Extensor plantar responses were present bilaterally. Super- 
ficial sensation was intact, but deep sensation was impaired throughout. 

During the 64-year course of his illness, the patient showed evidence of involve- 
ment of the sixth, seventh and twelfth cranial nerves and of the pyramidal tracts, 


Fig. 3.—Paling of the lateral corticospinal tracts and the posterior columns. 


the posterior columns and the cerebellar pathways. In addition, he had evidence 
of possible involvement of the anterior horn cells. Death in 1929, at the age of 
84, was the result of bronchopneumonia. At autopsy a gastric carcinoma was an 
incidental finding. 


Laboratory Data.—At the ages of 71 and 74, the Wassermann reactions of the 
blood were negative. At the age of 81, a roentgenogram of the dorsal and lumbar 
portions of the spine showed advanced hypertrophic spondylitis. The gum mastic 
test of the cerebrospinal fluid gave a normal curve, and the Wassermann reaction 
was negative. At the age of 82 the Wassermann reaction of the blood was nega- 
tive. The blood constituents and the urine remained normal throughout. 
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Pathologic Study.—Gross Description: The frontal convolutions were atrophic. 
There was slight softening of the convolutions in the right rolandic area. On cut 
section the brain showed no other areas of softening. The vertebral arteries showed 
slight atheromatous changes. 


Fig. 4—Patch of demyelination in the region of the fourth ventricle. 


Only the thoracic, lumbar and sacral regions of the cord were examined. These 
parts were macerated. Some areas presented a gelatinous-like appearance, and 
on section one side of the cord showed little remaining gray or white matter. 
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Fig. 5.—Areas of demyelination in the tegmentum and the basilar portion of 
the pons. 
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Microscopic Description: Spinal cord: Various sections of the cord were 
stained with scarlet red, victoria blue, hematoxylin and eosin and cresyl violet and 
by the Weil and Bielschowsky methods. 

Sections of the midthoracic regions showed a patch of complete demyelination 
involving two thirds of the spinal cord (fig. 1). A similar area of involvement 
was observed in the sacral region (fig. 2). Other sections of the cord showed less 
involvement, the changes consisting mainly of paling of the lateral corticospinal 
tracts and the posterior columns (fig. 3). 

Brain Stem: Sections through the medulla showed patches of demyelination in 
the region of the fourth ventricle (fig. 4). Sections through the pons showed 
multiple areas of demyelination both in the tegmentum and in the basilar portion 
(fig. 5). 

Case 2 (M. J.).—Clinical Course—A white woman aged 60 had the first 
symptom of the disease thirty years prior to her admission to the Neurological 
Institute. The family and personal histories were noncontributory. The initial 
difficulty, numbness of both arms, occurred at the age of 30, with remission after 
three months. Seven years after the onset unsteadiness of gait developed, and ten 
years after the onset pain in the left sacroiliac region and numbness and clumsiness 
of the right hand developed. There was remission of these symptoms. Examina- 
tion seventeen years after onset of the disease showed emotional instability and 
hearing defect in both ears (progressive deafness on a possible infectious basis for 
the previous seventeen years). Position sense was impaired in the toes of the left 
foot, and vibration sense was absent in the foot and in the lower half of the tibia 
on the left side. The abdominal reflexes were absent. There was no motor 
weakness or incoordination. For the next five years the patient’s symptoms 
remained static. Twenty-two years after onset there was a return of clumsiness 
and numbness of the right hand and of the pain in the lower part of the back. 
Examination at that time revealed irregular, sluggish pupils, slight finger to nose 
ataxia on the right side, impaired vibration sense in the right hand and in both 
feet, astereognosis and atrophy of the right hand, bilateral ankle clonus and a 
bilateral Babinski sign. Muscular strength was normal throughout. However, 
in the next three years the patient’s right hand became weak. Weakness of the 
legs supervened, and the patient became bedridden. In three months this condi- 
tion improved, and she was able to get up in a chair. Twenty-nine years after 
onset, following a fall, gradual weakness of the left hand was noted. On admis- 
sion, thirty years after the initial symptom, the patient was found to be disori- 
ented, irrational and euphoric, with loss of judgment and insight. Examination 
showed irregular, sluggish pupils and deafness, complete spastic paralysis of the 
legs and marked weakness of the arms with symmetric atrophy of the small 
muscles of both hands and absence of vibration sense in both hands and in the 
left leg. The ankle jerk was more active on the left than on the right, and the 
abdominal reflexes were absent. The Babinski sign was present bilaterally. 

During the thirty year course of this patient’s illness there was evidence of 
involvement of the posterior columns, cerebellar pathways and pyramidal tracts. 
In the last year of her life, the patient showed evidence of extensive cerebral 
involvement, primarily severe mental changes, probably related to the glioblastoma 
multiforme which caused her death at the age of 60. 

Laboratory Data.—At the age of 48, examination of the cerebrospinal fluid 
showed 4 white cells per cubic millimeter, a total protein content of 40 mg. per 
hundred cubic centimeters, a normal colloidal gold curve and a negative Wasser- 
mann reaction. At the age of 52 the cerebrospinal fluid showed a normal col- 
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loidal gold curve and a negative Wassermann reaction. At the age of 60, the 
cerebrospinal fluid showed 4 white cells per cubic millimeter, a total protein 
content of 48 mg. per hundred cubic centimeters, a negative Wassermann reaction 
and a normal colloidal gold curve. 


Pathologic Study.—Brain: Gross and microscopic changes: A large gliobias- 
toma was present in the right frontal lobe and extended into the corpus callosum, 
the internal capsule, the thalamus and the midbrain. It compressed the left 
frontal lobe with herniation through the incisura of the tentorium, leading to 
terminal hemorrhages in the midbrain and the pons. 


Fig. 6.—Areas of demyelination in the cervical region of the cord. 


Spinal Cord: Gross changes: The cord appeared normal on gross external 
inspection. The cut surfaces of the cervical segments showed grayish discolora- 
tions in the dorsal portions of the lateral columns and in the posterior columns. 
These changes were more evident on the right side. They tended to disappear in 
the thoracic sections of the cord and became evident once more in the lumbar 
region. 

Microscopic changes: Areas of demyelination were observed throughout the 
cord in the posterior and lateral columns, being most extensive in the cervical 
and lumbar regions (fig. 6). 
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CasE 3 (D. S.).—Clinical Course—An Armenian-born white man, aged 39, 
entered Montefiore Hospital in April 1920. The family and personal histories 
were not contributory. The onset of illness was ten years previously, at the age 
of 29, when tremor of the right arm and impotence developed. The tremor was 
exaggerated by intention and was severe enough that the patient had to write with 
his left hand. At the age of 30 there was weakness of the left leg, and in the 
next six years there was progressive weakness of both legs. At the age of 39 
urinary incontinence and paresthesias in both arms developed. The left arm was 
weak. On examination at the age of 39, the patient was chair-ridden. There was 
nystagmus on right lateral gaze; the left hand was weaker than the right, with 
wasting of the interosseus muscles on the left. A spastic paraplegia was present. 
There were an intention tremor in the right arm, loss of position sense in both 
feet, diminished deep reflexes on the left, absence of abdominal and cremasteric 
reflexes and a Babinski sign bilaterally. At the age of 40, weakness of the left side 
of the tongue was noted. Weakness of the left external rectus muscle was seen 
at the age of 41, as was extension of the atrophy in the left hand to involve 
the arm. Hemiatrophy of the left side of the tongue, weakness of the left side of the 
face, of central type, pallor of the left optic disk and bilateral weakness of the 
sixth cranial nerve were all noted at the age of 42, with an increase in the spastic 
paraplegia. At the age of 44, urinary difficulties cleared up. At the age 46, 
quadriparesis was evident, with loss of vibration sense up to the shoulders. 
Twenty years after the onset, at the age of 49, flexor withdrawal responses were 
present in the legs. Ocular movements were then normal. At the age of 54, 
twenty-five years after onset, euphoria was noted, and paraplegia in extension 
was present, with ankle clonus and a Babinski sign bilaterally. Position sense 
was absent in the feet and hands. 

During the thirty-one year course of his disease, the patient showed involve- 
ment of the sixth, seventh and twelfth cranial nerves, the pyramidal tracts, the 
posterior columns and the cerebellar pathways. Evidence of involvement of the 
anterior horn cells was also present. Death, at the age of 60, was due to broncho- 
pneumonia and cystitis. 

Laboratory Data—At the age of 31, the Wassermann reactions of the blood 
and spinal fluid were negative. At the age of 44, cerebrospinal fluid showed a 
total protein content of 44 mg. per hundred cubic centimeters, the Wassermann 
reaction was negative, and the colloidal gold curve was 0000000000. At the age 
of 46, gastric analysis showed free hydrochloric acid. 

Pathologic Study.—Gross Description: The brain was normal on inspection. 
On cut section plaques were observed in the left island of Reil and in the white 
matter of the left temporal convolution. Plaques were also noted in the left 
globus pallidus and substantia nigra, the right putamen and external capsule, the 
right thalamic nuclei, the centrum ovale and the basis pedunculi. Scattered 
plaques involved the vestibular nuclei, the restiform bodies, the optic radiations 
in the occipital lobe and the white matter of the cerebellum. The spinal cord was 
thin and discolored, particularly in the cervical and thoracic regions. 

Microscopic Examination: The plaques consisted of areas of demyelination 
with some increase in microglia cells. Areas of demyelination were observed in 
the dorsal columns and in the pyramidal tracts of the cord. The anterior horn 
cells were well preserved. 


COMMENT 


It is noted that in these 3 cases of long duration the multiple sclerosis 
was primarily of the spinal type for the greater part of the course. In all 
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3 cases manifestations of the disease remained limited chiefly to the 
spinal cord for about twenty years. Although the so-called spinal type 
bears a good prognosis, eventual dissemination throughout the neuraxis 
can be expected. 

SUMMARY 


Three cases of multiple sclerosis, verified by autopsy, in which the 
patients lived sixty-four, thirty-one and thirty years, respectively, are 
presented. In all 3 cases the multiple sclerosis was of the spinal form 
for a greater part of the course. 


710 West One Hundred and Sixty-Eighth Street. 


The pathologic reports in cases 1 and 3 were made available to us through 
Dr. Harry Zimmerman. The pathologic data in case 2 are presented through the 
courtesy of Dr. Abner Wolf. 


QUANTITATIVE VISUAL INDEX TO MEMORY IMPAIRMENT 
A Preliminary Report 


ELLIS FREEMAN, D.Sc. 
AND 


WILLIAM E. JOSEY, M.A. 
GALVESTON, TEXAS 

EGINNING with Kraepelin, efforts have been made to find signifi- 
cant differences between the perceptions of psychotic and those 
of normal subjects, in the hope of using such differences as objective 
indexes of mental deterioration. But the results have been disappointing. 
For this reason, among others, subsequent efforts at objectivity and 
quantification have been concerned with performance and intelligence 
tests, as typified by the work of Babcock and Wechsler.t It might be 
said, somewhat metaphorically, that the present tendencies have been 
away from Kraepelin’s molecular approach, and toward a molar 
approach. The subject report suggests the feasibility, at least in this 
one case, of a return to a molecular index—in this instance, an objective 
visual measure correlated with memory impairment. Such an index 
could, when fully standardized, have molar implications perhaps for 

mental deterioration in general. 
In 1850 Plateau described the negative after-effects of viewing 
a slowly rotating disk carrying a spiral of Archimedes, noting that 
these were expansive or contractive accordingly as the original stimu- 
lation was contractive or expansive. This reversed or negative after- 
effect occurred when the rotation of the spiral ceased and the subject 
thereupon viewed a stationary object, such as the experimenter’s head. 
The phenomenon has been amply confirmed, in 1856 by Oppel, in 
1870 by Mach’s student Dvorak and in 1882 by Bowditch and Hall.? 


PRESENT INVESTIGATION 
In the course of work on mental deterioration, the spiral test was 
tried on psychotic patients, the results differing from those with normal 
persons and suggesting the possibility of a characteristic distinction 
that might be useful in measuring objectively the degree of memory 
impairment. More particularly, it was noted that all normal subjects 


From the University of Texas, Medical Branch. 

1. Babcock, H.: An Experiment in the Measurement of Mental Deterioration, 
Arch. Psychol. 105:107, 1930. Wechsler, D.: The Measurement of Adult Intelli- 
gence, Baltimore, Williams & Wilkins Company, 1944. 

2. Boring, E. G.: Sensation and Perception in the History of Experimental 
Psychology, New York, D. Appleton-Century Company, Inc., 1942, pp. 591-592. 
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experienced the expected after-effect and reported it, while psychotic 
subjects failed to report it, apparently according to the degree of their 
memory impairment as evaluated by clinical observation. 


Thereupon, an experimental investigation was designed for the purpose of 
studying the difference between the two groups on an adequate scale. As subjects, 
50 normal persons from 8 to 65 years of age and 85 psychotic patients from 19 
to 76 years of age were selected. In the latter group, the mean age was 42.7 years 
and all were inmates at the Austin (Texas) State Hospital. 

The establishment of an adequate, preferably objective and quantitative, 
criterion of mental deterioration against which to validate performance on the 
Plateau spiral offered the expected difficulties. An effort to use the Wechsler- 
Bellevue test was abortive because the results were disturbingly incongruous with 
careful clinical observation of patients over long periods. For example, a patient 
who appeared well oriented, had good memory and deported himself “intelligently” 
and well would get a deterioration score of 55 per cent on the Wechsler test, 
whereas another, who was strikingly the inferior of the first in observable traits 
and appeared obviously deteriorated, would have a deterioration score of 0. The 
choice for validation was, therefore, between an objective, but undependable, 
criterion and a subjective, but more plausible, clinical estimate. For this reason, 
the Wechsler test was abandoned and the clinical estimate of memory impairment 
was correlated with performance on the Plateau spiral. 

The normal subjects were a random group chiefly of high school and university 
students, of both sexes. In them absence of deterioration was assumed on the 
grounds of simple probability, since they were holding their own in their studies 
and among their fellows. All their responses to the test were unequivocal, since 
they reported the expected negative after-effects immediately and without difficulty. 
Their responses, therefore, need be considered no further. 

The situation with the 85 psychotic subjects was more complex. Their disorders 
had been diagnosed as schizophrenia, manic-depressive psychosis, dementia para- 
lytica, epilepsy, cerebral arteriosclerosis, and Korsakoff’s syndrome. All were, of 
course, not equally deteriorated in memory and orientation, some of them 
being affected apparently not at all, some mildly and others profoundly. From 
preliminary observation it was expected that there might be a corresponding 
range of degrees in experiencing, or at least in reporting, the negative after-effect 
of the spiral. In passing, it may be noted that the failure of the more deteriorated 
patients to report the effect was at first attributed to vagrancy of attention rather 
than to absence of the experience. But this view had to be rejected because atten- 
tion was always in force during the experiment, as evidenced by their correct 
report of the initial perception, that is, the vortex and contravortex produced by 
the immediate rotation of the spirals. Apparently, the psychotic subject was atten- 
tive enough to experience the results of immediate stimulation and, therefore, 
presumably of the negative after-effect if it had existed for him. On the assumption 
that the absence of the negative after-effect, whether related to deficiency of 
attention or not, might be a serviceable index, data were gathered extensively. 

In relating the two sets of data, no r has been determined. At this juncture, r 
would mean little, and might even be spurious. It is more appropriate, as will 
appear, to indicate in coarser terms the congruence of the two sets, leaving legiti- 
mate quantification for a more suitable opportunity. 

The testing apparatus was simple and compact. An electric phonograph motor, 
without the governor, turned at 100 revolutions per minute, with the cardboard 
stimulus on the shaft. There were two such cardboards, each with a Plateau spiral 
the reverse of the other and 3% inches (9 cm.) in diameter. A target could be 
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removed and replaced by the other in two seconds. One spiral target could have 
been used instead of two had the motor been reversible. Each spiral consisted of 
1,260 degrees; that is, a point in traversing it would make three and a half circuits 
about the center. 

Testing took about five minutes per patient. After the subject had observed the 
rotation of the spiral and the motor had stopped, he was confronted with a white 
cardboard, 6 by 6 inches (15 by 15 cm.), on which a black disk 3% inches in 
diameter was centered. Procedure was standard for normal and for psychotic 
subjects. Tests were conducted only in the daytime, when illumination was good. 
The patient was seated 8 feet (240 cm.) from the target, which was placed at 
eye level and normal to the line of regard. Standard instructions, immediately 
preceding the test, were given thus: “This is a special eye test [im order to get 
attention and cooperation from psychotic subjects, a suggestion concerning their 
health, with which they are preoccupied, works well, while it is unnecessary with 
normal subjects]. Look at the center spot [pointing] on the cardboard. Don’t 
take your eyes away until asked to do so.” Then the rotation is begun. Spiral A, 
giving normal subjects a negative after-effect of expansion, was always presented 
first, for forty-five seconds. This period of exposure was ample for normal sub- 
jects. Immediately thereafter the cardboard with the black disk was presented, 
directly covering the spiral target. The patient was asked, “Does the black spot 
get bigger, or smaller, or remain the same?” Responses were recorded verbatim ; 
indeed, they were hardly necessary, for the look of surprise which invariably 
accompanied the negative after-effect was itself enofigh, as was its absence. The 
routine was repeated with spiral B, giving normal subjects the negative after- 
effect of contraction. The routines for spiral A and for spiral B were then repeated, 
but for sixty seconds each, to give the slower patients a fuller opportunity. Timing 
was by stopwatch. Each normal report (seeing the negative after-effect of the 
normal) was scored 0. Each abnormal report (absence of negative after-effect 
of the normal) was scored 1. A doubtful or an equivocal report was scored %. 
No patient ever reported a positive after-effect of rotation. Thus the normal subject 
scored a total of 0, while the psychotic subject could score up to 4, with whole or 
fractional intervals. 


Table 1 presents an obvious congruence between absence of the 
negative after-effect and the degree by clinical estimate of impairment 


TABLE 1.—Comparison of Scores on Negative After-Effects of Plateau Spiral 
with Clinical Estimate of Memory Impairment of 85 Psychotic Patients 


Memory Status for Each Score Group, 


Seores for Percentage Patients * 
<A. 


Negative Patients, 

After-Effects Number Percentage Good Fair Bad Indeterminate 
0.0 27 31.7 59.0 29.5 0 11.5 
0.5 1 2 100.0 0.0 0 0.0 
1.0 7 8.2 14.3 71.5 0 14.2 
1.5 1 1.2 0.0 0.0 100 0.0 
2.0 21 24.7 5.0 57.0 33 5.0 
2.5 0 0.0 0.0 0.0 0 0.0 
3.0 9 10.6 0.0 22.0 67 11.0 
3.5 2 2.4 0.0 0.0 100 0.0 
4.0 17 20.0 0.0 0.0 94 6.0 


* Clinical estimate of memory impairment was based on the consensus of six or more staff 
physicians. 


of memory. In order to bring out this relation in a more workable 
form table 2 has been computed by a consolidation of data from table 1. 
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From tables 1 and 2, it is apparent that a tendency to the relation 
exists and that the greater the degree of failure to report the negative 
after-effect of the Plateau spiral, the greater the likelihood of memory 
impairment as established by clinical estimate. If the Wechsler test 
were more dependable,* one could attempt a quantitative validation 


TasLe 2—-Congruence of Degree of Absence of Negative After-Effect and 
Degree of Memory Impairment for 78 Psychotic Patients * 


Number of Patients with Memory 


— 


Grouped Negative 


After-Effect Scores Good Fair ‘Bad 


* The 7 patients in table 1 for whom the clinical estimate of memory was indeterminate 
are omitted. 


of the after-effect. Since, however, there is no other standardizing 
instrument for the purpose, validation will depend on an elaborate 
statistical procedure in the future. For the present, the data warrant 
the statement of a strong probability of correlation between the negative 
after-effect of the Plateau spiral and the impairment of memory. 

The probability is further heightened by the results of the reliability 
retest made on 16 of the patients selected from the original group. 
The 16 were drawn at random from the patients who had scored 0, 
1, 2, 3 or 4 in the original experiment, in a proportion of about 3 
patients per score, and given a duplicate of the original procedure, 
precisely as though they had never before been tested. The interval 
between the tests was about seventy-five days. The resulting r was 
0.90, suggesting that the test meets the basic criterion of self consistency. 


The Four Seasons Apartments, Sarasota, Fla. (Dr. Freeman). 
John Sealy Hospital, Galveston, Texas (Mr. Josey). 


3. For a discussion of the dependability of the Wechsler test, see Sloan, W.: 
Validity of Wechsler’s Deterioration Quotient in High Grade Mental Defectives, 
J. Clin. Psychol. 3:287-288, 1947. 
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PALATAL MYOCLONUS AND PRIMARY NYSTAGMUS 
FOLLOWING TRAUMA 


Report of a Case 


MILTON B. JACOBSON, M.D. 
AND 


WARREN F. GORMAN, M.D. 
NEW YORK 


YOCLONUS of the palate, larynx and other musculature derived 

from the branchial arches is relatively uncommon. Patients 
with this syndrome exhibit fine, synchronous, continual rhythmic move- 
ments of the palate, the pharynx, the larynx, the orifices of the eustachian 
tube, the muscles of the face, the platysma muscle and the diaphragm. 
Nystagmus on direct forward gaze (primary nystagmus) or on lateral 
gaze is seen concomitantly. The rate of the movements is usually the 
same in all the organs involved, averaging about 120 per minute, and 
the amplitude of the movements is small, being occasionally so fine as 
to elude cursory examination. The patient is ordinarily unaware of these 
movements, but twitching of the mouth of the eustachian tube is often 
accompanied with a clicking sound, which is audible to both patient and 
examiner. Sleep does not affect the myoclonus nor does local anesthesia 
of the moving parts, but palatal myoclonus may cease during deglutition. 
The abnormal movements may be unilateral or bilateral. 

Neurologic examination generally reveals signs of involvement of 
both the pyramidal tract and the cerebellum, along with clinical evidence 
of diffuse disease of the central nervous system. The etiologic factor in 
most cases is diffuse vascular disease of the nervous system.? Histo- 
pathologic studies in a very few cases have demonstrated pathologic 


From the Neurological Unit, Mental Hygiene Service, New York Regional 
Office, Veterans Administration. 

Published with permission of the Chief Medical Director, Department of Medi- 
cine and Surgery, Veterans Administration, who assumes no responsibility for the 
opinions expressed or conclusions drawn by the authors. 

1. (a) Leshin, N., and Stone, T.: Continuous Rhythmic Movements of the 
Palate, Arch. Neurol. & Psychiat. 26:1236 (Dec.) 1931. (b) Dobson, J., and 
Riley, H. A.: Rhythmic Myoclonus, ibid. 45:145 (Jan.) 1941. 

2. Freeman, W.: Palatal Myoclonus, Arch. Neurol. & Psychiat. 29:742 


(April) 1933. Kreindler, A.: Rhythmic and Synchronous Myoclonus, ibid. 45: 
555 (March) 1941. 
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changes in the inferior olivary nucleus and central tegmental tract of 
the same side as the lesion or in the dentate nucleus of the opposite side.® 

The physiology of these abnormal movements has not yet been eluci- 
dated. It has been suggested that palatal myoclonus is a pathologic 
modification of yawning. Using a stereotaxic instrument, investigators * 
found that electrical stimulation of the region dorsal to the inferior 
olivary nuclei produced rhythmic contraction of the palate. 

Although palatal myoclonus due to diffuse vascular disease is rela- 
tively uncommon, cases in which it is due to trauma are clinical rarities. 
Riley and Brock * reported such a case in an alcoholic addict who had 
sustained at least two head injuries and had had several episodes of 
alcoholic encephalopathy with delirium tremens. Pfeiffer ® reported the 
case of a soldier who was struck by shrapnel in the left occipital region 
with development of prolapse of the brain substance and a purulent 
discharge from the wound. Examination showed horizontal nystagmus 
on his looking to the right and rotary nystagmus on left lateral gaze. 
The patient became dizzy on turning to the left. There was weakness 
of the right side of the face. The soft palate, pharynx and vocal cords 
were in continual, synchronous rhythmic myoclonus, the rate being 140 
per minute. Deep reflexes were normal, and there were no pathologic 
reflexes. There were left hemiataxia, falling to the left and weakness 
of the left extremities. 

The present case is reported because of the unusual association of 
trauma and the syndrome of rhythmic myoclonus. 


REPORT OF CASE 


C. C. W., a man aged 31, had been well until Dec. 20, 1943. On that date, 
while serving as an infantryman in the Italian campaign, he was struck in the 
region of the left mastoid process and the superior portion of the left trapezius 
muscle by shrapnel fragments from a German 88 mm. gun. There was moderate 
bleeding, but he remained conscious, crawling and walking to a first aid station. 
For about one month after this injury he noted that his left cheek was paralyzed 
and numb. In January and February. of 1944 two surgical procedures were per- 
formed on the left mastoid process for removal of foreign bodies; the muscle 
wound of the left shoulder region healed well after primary suture. He resumed 
his reconnaisance patrol assignment, returning to full combat duty in March 1944. 


3. Guillain, G.; Mollaret, P., and Bertrand, I.: Sur la lésion responsable du 
syndrom myoclonique du tronc cérébral, Rev. neurol. 2:666, 1933. 

4. Davison, C.; Riley, H. A., and Brock, S.: Rhythmic Myoclonus of the 
Muscles of the Palate, Larynx and Other Regions, Bull. Neurol. Inst. New York 
5:94 (Aug.) 1936. Weinstein, E. A., and Bender, M. B.: Integrated Facial 
Patterns Elicited by Stimulation of the Brain Stem, Arch. Neurol. & Psychiat. 
50:34 (July) 1943. 

5. Riley, H. A., and Brock, S.:- Rhythmic Myoclonus, Arch. Neurol. & 
Psychiat. 29:726 (April) 1933. 

6. Pfeiffer, R. A.: Monatsschr. f. Psychiat. u. Neurol. 45:96, 1919; cited by 
Leshin.14@ 
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On Aug. 18, 1944, he was again wounded by artillery fire, when a shell frag- 
ment penetrated his steel helmet and entered the right parietal bone. The total 
duration of unconsciousness and amnesia was one month. Examination shortly 
after that injury revealed severe dysarthria, left homonymous hemianopsia and 
dystaxia of all four extremities. A roentgenogram showed a metallic foreign 
body in the posterior fossa. 

On April 18, 1945, a cranioplasty was done for lysis of a craniocerebral scar, 
and the defect in the parietal bone was filled in with a tantalum plate. Two 
generalized convulsions took place within a month of this procedure. 

He was transferred to a neurosurgical center for removal of the intracranial 
foreign body. On Jan. 22, 1946, an attempt was made to remove a shell fragment 
from the cerebellum through a right suboccipital flap, but functioning cerebellar 
tissue was seen above the foreign body and the flap was closed. On February 
14, a left suboccipital approach was made, and a metallic fragment was removed 
from the cerebellar hemisphere. One month later, examination disclosed left 
homonymous hemianopsia, a band of hypalgesia between the left ear and the 
mouth, some diminution in hearing in the left ear, dysarthria and rhythmic 
myoclonus of the palate. Ataxia was present in all four extremities. Shortly 
thereafter, there was a convulsion which began in the left corner of the mouth and 
involved the entire left side of the body, terminating in a generalized seizure. 

Electroencephalographic study showed a focus of electrical abnormality in the 
right occipitoparietal region. Examination of the cerebrospinal fluid, blood and 
urine was noncontributory, and roentgenograms revealed nothing significant. 

Before entering the service at the age of 28, the patient had been a milk route 
salesman. He was described as a serious, hard worker who paid a great deal of 
attention to detail. He had a mild case of influenza in 1921 but denied having had 
other illnesses or injuries. 

The patient was examined in September 1948, at the Neurological Unit of the 
New York Regional Office of the Veterans Administration, outpatient clinic. At 
that time his speech was slow, scanning and slurred. Euphoria was present, but 
the sensorium was clear. A left homonymous hemianopsia was found. There 
was an external squint in the left eye, and the left pupil was slightly larger than 
the right. On direct forward gaze (in the primary position of the eyes) there 
was rotary nystagmus in both eyes. The amplitude of the nystagmus of the left 
eye was greater than that of the right eye. Vertical gaze increased this nystagmus, 
and lateral gaze resulted in the appearance of both lateral and rotary nystagmus, 
the left eye moving through a greater range than the right. There was slight 
hypalgesia to all cutaneous forms of sensation over the lower half of the left side 
of the face. There was continual rhythmic twitching of the left corner of the mouth 
and of a portion of the platysma muscle below the left side of the mandible. 
There was slight diminution of hearing for high pitch in both ears. The left 
half of the arch of the palate was higher than the right. The soft palate was in 
continual rhythmic myoclonus, moving up and down through very short excursions. 
The entire larynx also moved up and down rhythmically. Examination of the vocal 
cords showed slight weakness of abduction on the left and continual rhythmic 
movements of the true vocal cords. 

The patient was unable to walk and fell backward when supported. When 
sitting in a wheel chair, he had a nodding tremor of the head. There was 
dystaxia when he attempted to touch an object directly in front of him with his 
nose. All movements were slow, and his postures tended to be flexor. There were 
generalized weakness, poor successive movements, dysmetria and dystaxia of all 
four limbs. This dystaxia was worse on the left side. Tonus was not increased, 
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and there was no cogwheel phenomenon. The pronator sign of Wilson was noted 
bilaterally. The abdominal cutaneous reflexes were increased, and the deep reflexes 
were diminished throughout. No pathologic reflexes were found. There was a 
slight diminution of vibratory sense below the clavicles. 


The nystagmus and the myoclonus in the palate, larynx, face and platysma 
muscle were similar in rate and rhythm. This rate varied with the observer, 
as well as from day to day, the range being from 120 to 156 per minute. During 
deglutition, the myoclonus of the palate ceased momentarily. The patient was 
unaware of any sensations related to these twitchings. Attempts at voluntary 
control of the myoclonus were unsuccessful. Pressure on the eyeball, stimulation 
of the carotid sinus and voluntary breath holding had no effect. Fluoroscopic 
examination showed that the diaphragm moved normally. Caloric tests of the 
vestibular apparatus yielded responses which were normal in direction and 
duration. 


Intravenous administration of amobarbital sodium (sodium amytal®) was 
suggested by Dr. Morris B. Bender; 0.25 Gm. of the drug was injected over a 
period of two and one-half minutes. Immediately after completion of this injec- 
tion, the nystagmus on direct forward gaze ceased, not to reappear until ninety-four 
minutes later. During the period in which amobarbital abolished the primary 
nystagmus, however, the myoclonus of the palate, larynx and facial muscles con- 
tinued undiminished. While under the effect of amobarbital, the patient’s speech 
became more distinct. 


The history and findings indicated that the lesions were localized in the occipito- 
parietal region of the right hemisphere and in the brain stem and cerebellum on 
the left side. 


SUMMARY 


A case of palatal myoclonus and of nystagmus in the primary posi- 
tion of the eyes is reported because of its association with trauma. In 
most cases of this rare syndrome the causal agent is diffuse vascular 
disease of the nervous system, involving the central tegmental tract, 
the red nucleus and the dentate nucleus. The patient was a 31 year old 
soldier who had been struck by shell fragments in the left mastoid 
region and in the right temporoparietal region, a foreign body lodging 
in the left cerebellar hemisphere. Examination showed euphoria and 
slurred, scanning speech; left homonymous hemianopsia; dissociated 
nystagmus on direct forward gaze, as well as nystagmus on lateral 
gaze; hypesthesia over the left lower part of the face, and synchronous, 
rhythmic myoclonus of the palate, larynx, tongue, left corner of the 
mouth and platysma muscle. There were bilateral cerebellar signs, 
which were more pronounced on the left side. Intravenous administra- 
tion of amobarbital sodium (sodium amytal®*) abolished the primary 
nystagnius but did not affect the myoclonus. Examination five years 
after the original injury showed no essential changes in the patient’s 
condition. 


36-36 Graystone Avenue (Dr. Jacobson) (Bronx 63). 
157 East Sixty-Second Street, New York (Dr. Gorman). 
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GUILLAIN-BARRE SYNDROME COMPLICATING 
ANTIRABIES INOCULATION 


HOWARD D. McINTYRE, M.D. 
CINCINNATI 
AND 


HOWARD KROUSE, M.D. 
IOWA CITY 


HERE are few references in the. literature to the Guillain-Barré 

syndrome as a complication of antirabies vaccination. The com- 
plication of polyneuritis in the Pasteur treatment of rabies is well known. 
In Remlinger’s? comprehensive statistical analysis of 234 neuropara- 
lytic accidents, polyneuritis comprised one of the three clinical forms of 
neurologic complications of the therapy. The clinical picture of the 
polyneuritis is adequately described in the various neurologic texts. 
Brain * emphasized the frequency of involvement of the facial nerve, 
while Nielsen * rather tersely commented, “The picture of polyneuritis 
occurs with rather frequent facial paralysis. This . . . form of 
disease resembles somewhat the Guillain-Barré syndrome”; but he 
did not pursue the subject further. The only case report found in the 
literature concerning polyneuritis associated with albuminocytologic 
dissociation as a complication of antirabies vaccination was that by 
Marinescu and Draganesco.t They described the development of the 
Guillain-Barré syndrome in a man aged 54 one day after the last injec- 
tion of a fourteen day course of antirabies inoculations. There was no 
mention of facial paralysis. 


Four cases of polyneuritis complicating antirabies vaccination are 
reported; in 2 there was bilateral facial paresis, and in all there was 
an increase in the cerebrospinal fluid protein, of varying degree. 


From the Department of Neurology, University of Cincinnati College of 
Medicine, and the Cincinnati General Hospital. 

1. Remlinger, P.: Les paralysies du traitement antirabique, Ann. Inst. Pasteur 
(supp., Conference Internationale de la Rage), 1928, pp. 71-132. 

2. Brain, W. R.: Diseases of the Nervous System, ed. 3, London, Oxford 
University Press, 1947, pp. 795-798. 

3. Nielsen, J. M.: Textbook of Clinical Neurology, ed. 2, New York, Paul 
B. Hoeber, 1941, pp. 419-422. 

4. Marinescu, G., and Draganesco, S.: Contribution a l’étude des accidents 
post-vaccino-rabiques, Ann. Inst. Pasteur 60:477-498, 1934. 
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REPORT OF CASES 


CasE 1—A white man aged 62 was admitted to the Cincinnati General Hos- 
pital on June 17, 1948, complaining of inability to walk and numbness of his hands 
and feet. On May 24, 1948 he had been exposed to the saliva of a rabid dog. 
On June 1 a series of fourteen antirabies inoculations was instituted, all being 
administered in the deltoid muscles except for the last injection, which was given 
in the right buttock. On June 15 the patient noted numbness of his hands and feet, 
and on the following day he had blurred and double vision with inability to read, 
pains in the thighs and inability to walk. 

On admission to the hospital the patient was apprehensive but in no acute 
distress. Neurologic examination revealed the pupils to be equal but fixed to light; 
the patient was unable to converge the eyes. There was marked symmetric weak- 
ness of all extremities, most profound in the proximal muscle groups; there was 
symmetric hypesthesia involving all modalities of sensation, more pronounced in 
the distal portion of the extremities, and all deep reflexes were lost. The peripheral 
nerve trunks were tender to palpation, as were the quadriceps and gastrocnemius 
muscles. Sphincter control was normal. Cerebrospinal fluid studies on June 17 
disclosed normal pressure and dynamics; the fluid contained 3 lymphocytes per 
cubic millimeter; the Pandy reaction was 4 plus and the total protein measured 
275 mg. per hundred cubic centimeters. The patient refused to permit lumbar 
puncture. 


On the second day in the hospital paresis of the left side of the face was noted; 
this progressed to complete facial diplegia by the fifth hospital day, although the 
pupillary reaction to light had returned to normal. By the fifteenth day of hos- 
pitalization the hypesthesia had gradually diminished and no sensory changes were 
demonstrated other than paresthesia of the hands and feet. At that time he was 
able to close his right eye, and the strength of his limbs improved to the extent that 
he was able to walk with aid. 

He was discharged from the hospital on July 11; when he was last examined, 
on Sept. 14, 1948, all objective weakness had disappeared, although he complained 
of fatigability and occasional paresthesias of his fingers. 

Case 2.—A white boy aged 13 years was admitted to the Cincinnati General 
Hospital on June 10, 1947, because of numbness and weakness of his extremities of 
two days’ duration. On May 21 he had been bitten by a stray dog and had received 
nineteen antirabies inoculations into the deltoid muscles. One June 8 he noted 
numbness of both hands and feet, as well as weakness of his right leg. Neurologic 
examination on June 10 disclosed weakness of all movements of the right hand, 
extensor weakness of the right foot and diminution of all deep reflexes. The 
cranial nerves were normal. 

On June 12 neurologic examination revealed nuchal rigidity and weakness of 
the fingers and toes, as well as of the flexors and extensors of both feet. The 
muscles of both calves were tender, and the deep reflexes were absent. The only 
sensory disturbance was that of reduced vibratory perception below the knees. 
Severe tenderness of the masseter muscles developed by June 16. The patient was 
mentally dull and lethargic and complained of weakness of all extremities and of 
pain in the thoracic and cervical regions of the spine. On June 18 the strength of 
the arms, legs and feet had improved; the biceps reflexes had returned, although 
the knee and ankle jerks were still absent, and the masseter tenderness had sub- 
sided. On this date bilateral facial palsy was noted; the paralysis showed evidence 
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of regression on the following day. The knee jerks returned, although the ankle 
jerks still could not be elicited. Muscular power in all extremities showed 
improvement. 

The total protein levels of the cerebrospinal fluid were as follows: June 10, 
46 mg. per hundred cubic centimeters; June 13, 64 mg., and June 18, 51 mg. 

CasE 3.—A white boy 12 years of age was admitted to Children’s Hospital 
on Feb. 5, 1948, because of inability to walk. In mid-October 1947 he was exposed 
to the saliva of a rabid cow. Between October 17 and November 1 he was given 
a series of fourteen subcutaneous injections of antirabies vaccine in the buttock. 
Local induration and erythema were noted about the site of the injections, and 
after the twelfth injection malaise, coryza and increase in temperature to 100 F. 
were noted. On November 2 he complained of stiffness, tenderness of the calf 
muscles, weakness of the legs and numbness and tingling of the feet. The following 
day the numbness had ascended to the low thoracic level; thereafter, he was unable 
to move the legs or feet. During the next two months the sensory disturbances 
largely disappeared, and there was some return of motor power in the lower 
extremities. 

On his admission to the hospital the neurologic abnormalities were limited to 
the lower portion of the trunk and the lower extremities except for slight external 
strabismus. He walked by tilting the pelvis and swinging the legs forward with 
a steppage gait. There was pronounced atrophy of the gluteus muscles and of 
all the muscles of the legs below the knees. Except for adduction, all move- 
ments of the thighs were weak; flexion and extension movements of the legs were 
moderately weak, and there was complete bilateral foot drop. The deep reflexes 
of the lower extremities were absent; the plantar responses were weakly flexor, 
and the abdominal and cremasteric cutaneous reflexes were normal. Sensory 
abnormalities were those of hyperesthesia of the soles. The cerebrospinal fluid 
pressure was 120 mm. of water; the dynamics were normal, whereas the total 
protein was increased to 81 mg. per hundred cubic centimeters. No cells were 
found. 

With physical therapy the patient’s ability to walk improved; however, the 
atrophy of the legs below the knee and the foot drop remained essentially 
unchanged. He was discharged from the hospital on March 19, 1948. 

Case 4.—A white man aged 50 entered the hospital on June 1, 1942. During 
the latter part of April 1942 the patient’s dog had died of rabies. On May 6 
a course of fourteen daily antirabies vaccine inoculations was instituted, the last 
injection being administered on May 29. All injections were given in the deltoid 
muscles, and considerable local reaction in the form of wheals and erythema was 
noted at the site of each injection. After the last injection the patient complained 
of weakness and numbness of both arms and legs. Within three days all extremities 
were completely paralyzed. 

Neurologic abnormalities on June 1, 1942 were as follows: bilateral weakness 
of the lower facial muscles with the occipitofrontal muscles normal; absence of 
the biceps, triceps, radial, patellar and achilles reflexes and of the abdominal 
cutaneous reflexes of the left side; complete bilateral paralysis of the hands, feet 
and legs, and bilateral glove and sock hypesthesia of all modalities. 

Cerebrospinal fluid studies disclosed a pressure of 140 mm. of water with 
normal dynamics. The fluid contained 7 lymphocytes per cubic millimeter, and 
the total protein measured 202 mg. per hundred cubic centimeters. 

Improvement was slow. The patient was bedfast for eight months. Power 
returned in some degree to his extremities. Within eighteen months from the onset 
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he was able to walk, and within two years he returned to a clerical position. The 
last neurologic examination was made in August 1947, at which time the patient 
could walk and drive an automobile, but he still evinced marked atrophy of 
the forearms and hands, as well as atrophy of the legs below the knees and of the 
small muscles of both feet. 


COMMENT 


The cause of neurologic accidents occurring during the course of 
antirabies vaccination is not known. Attenuated virus, toxin, fatigue 
and allergy have all been implicated. The complication of paralytic 
accidents in rabies vaccination raises the same etiologic problem as that 
presented by the neurologic complications incident to exanthems and 
smallpox vaccination. Stewart and Krikorian® noted that the occur- 
rence of paralytic accidents in rabies vaccination shows a_ periodic 
increase for which there is no apparent explanation. Similar periodic 
increases in the neurologic complications of the exanthems and of small- 
pox vaccination have also been observed. 

It was first suggested that the paralytic accidents of antirabies vac- 
cination were due to a street virus or a modification of the original 
infection of rabies by the vaccine; however, as early as 1898 this view 
was challenged by Tonin,® who recorded a case in which paralysis 
developed in a vaccinated animal, although in the animal which was 
suspected of having rabies the disease failed to develop. He suggested 
that the paralysis was due to the treatment itself. 

Koch‘ stated the belief that the neuroparalytic accidents were due 
to canine rabies, whereas Fielder * and von Stockum ® stated that they 
were the result of a fixed virus inoculum. Because of the similarity 
between encephalomyelitis after antirabies vaccine and that following 
vaccinia and infectious fevers, Bassoe and Grinker *° concluded that an 
attenuated virus was transmitted by the vaccine. A similar view was 
ascribed to by Marsden and Hurst '' and Remlinger.' 


5. Stuart, G., and Krikorian, K. S.: Fatal Neuroparalytic Accidents of Anti- 
rabies Treatment, Lancet 1:1123-1125, 1930. 


6. Tonin, S.: Compte rendu statistique de l’institut antirabic du Cairo, 
Costogliola, 1902, pp. 1899-1901. 
7. Koch, J.: Inoculation Paralyses and Results of Various Methods of 


Protective Inoculation Against Rabies, Ztschr. f. Hyg. u. Infectionskr. 106:186- 
187, 1926. 

8. Fielder,.F: S.: Paralysis During Pasteur Antirabic Treatment, J. A. M. A. 
66:1769-1774 (June 3) 1916. 


9. von Stockum, M. J.: New Principles of Antirabic Treatment, Hague, 
Martimus Nyhoff, 1936. 
10. Bassoe, P., and Grinker, R. R.: Human Rabies and Rabies Vaccine 


Encephalomyelitis: Clinicopathologic Study, Tr. Am. Neurol. A. 55:104-127, 
1929. 


11. Marsden, J. P., and Hurst, E. W.: Acute Perivascular Myelinoclasis 
(“Acute Disseminated Encephalomyelitis”) in Smallpox, Brain 55:181-225 (June) 
1932. 
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Stuart and Krikorian® stated the belief that all antirabies vaccine 
contained a cytotoxin which was formed when foreign nerve protein 
was modified in its treatment with phenol, so as to render it toxic. 
Cornwall ** suggested that the paralytic accidents were allergic reactions 
to injection of foreign protein, while Horack,** in a study of 16 patients 
who had neuroparalytic accidents, reported a family or a personal 
history of allergy in 87.5 per cent, as compared with 33.3 per cent for 
a control series. 

The studies by Schwentker and Rivers ** and Ferraro and Jervis * 
and the more recent investigations by Morgan ?* and Wolf, Kabat and 
Bezer ‘7 seem to bear rather significantly on the occurrence of neurologic 
accidents following antirabies vaccination. These workers found that 
emulsions of adult brain and spinal cord tissue under proper conditions 
functioned as a complete antigen and were capable of exciting in rabbits 
the development of complement-fixing antibodies which were organ 
specific rather than species specific. The more recent experimenters ** 
were able to produce disseminated encephalomyelitis in animals much 
more efficiently when such emulsions were prepared with adjuvants 
consisting of aquaphor® (oxycholesterol-petrolatum ointment base), 
liquid petrolatum U. S. P. and heat-killed tubercle bacilli. Gray matter 
prepared with these adjuvants produced far fewer fever reactions ; when 
they did occur, it was thought they were due to the unavoidable mixture 
of white and gray matter rather than to the gray matter and adjuvants 
alone. Peripheral nerve tissue mixed with such adjuvants failed to pro- 
duce a similar reaction, as did the adjuvants alone. Lesions were not 
observed in the peripheral nerves. 


12. Cornwall, J. W.: Anaphylactic Reactions in Course of Antirabic Treat- 
ment, Indian J. M. Research 6:237 (Jan.) 1919. 

13. Horack, M. H.: Allergy as Factor in Development of Reactions to Anti- 
rabic Treatment, Am. J. Med. Sc. 197:672-682 (May) 1939. 


14. Schwentker, F. F., and Rivers, T. M.: Antibody Response of Rabbits to 
Injection of Emulsions and Extracts of Homologous Brain, J. Exper. Med. 60: 
559-574 (Nov.) 1934. Rivers, T. M., and Schwentker, F. F.: Encephalomyelitis 
Accompanied by Myelin Destruction Experimentally Produced in Monkeys, ibid. 
61:689-702 (May) 1935. 


15. Ferraro, A., and Jervis, G. A.: Experimental Disseminated Encephalopathy 
in Monkey, Arch. Neurol. Psychiat. 43:195-209 (Feb.) 1940. 

16. Morgan, I. M.: Allergic Encephalomyelitis in Monkeys in Response to 
Injection of Normal Monkey Nervous Tissue, J. Exper. Med. 85:131-140 (Jan.) 
1947. 

17. Wolf, A.; Kabat, E. A., and Bezer, A. E.: Pathology of Acute Dis- 
seminated Encephalomyelitis Produced Experimentally in the Rhesus Monkey 
and Its Resemblance to Human Demyelinating Disease, J. Neuropath. & Exper. 
Neurol. 6:333-357 (Oct.) 1947. 

18. Morgan.1® Wolf, Kabat and Bezer.17 
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There is lack of uniformity regarding the frequency of paralytic 
accidents in antirabies therapy; however, Wilson *° stated that the com- 
plication developed roughly in 1 of every 2,500 persons treated. Rem- 
linger‘ reported an incidence of 1 in 3,540 cases, while Greenwood *° 
found an incidence of 1 in 5,814 cases for all types of antirabies vaccine 
and an incidence of 1 in 8,517 cases for the vaccine prepared with phenol. 
Redewill and Underwood ** reported 2 cases of the complication in 
2,389 cases in which antirabies vaccination was used and personally 
observed 5 cases of neurologic complication from such vaccination 
between 1940 and 1945. Clinically, in these cases symptoms of meningo- 
encephalitis were presented. The authors did not report a case of 
polyneuritis. 

From 1945 to 1948, 6 cases of severe neurologic complications of 
antirabies vaccination were studied at the Cincinnati General Hospital. 
These included 2 of the cases of polyneuritis described here, as well as 
2 cases of meningoencephalomyelitis, both occurring at the same time 
in the practice of the same referring physician. One might speculate 
whether in the latter cases syringes containing traces of estrone, a bis- 
muth compound or other substance in oil, such as are used daily in 
the practice of medicine, delivered the antirabies vaccine. Certainly, 
the occurrence of 2 cases in a single practice at the same time is unusual. 
In view of the experimental work already mentioned, contamination of 
syringes with oily substances should be eliminated by careful cleansing. 

A comment might be made on the technic of vaccine injection. The 
prescribed technic of antirabies vaccination is that of subcutaneous 
injection given in the abdomen at spaced intervals of time. In the 4 cases 
reported, the injection had been given intramuscularly into the deltoid 
muscles in 3 instances and into the muscles of the buttocks in 1 case. It 
is interesting to note that in the case in which the injections were given 
into the buttocks only the legs were paralyzed. The prescribed tech- 
nic of injection might be followed, if for none other than medicolegal 
considerations. One of these patients consulted a textbook and after 
reading about the accepted technic he was with great difficulty dis- 
suaded from legal action against the physician who administered the 
treatment 

The term Guillain-Barré syndrome may tend toward loose clinical 
thinking. If it is thought of loosely in relation to albuminocytologic 


19. Wilson, S. A. K.: Neurology, Baltimore, Williams & Wilkins Company, 
1940, vol. 1, pp. 665-667. 

20. Greenwood, M.: Tenth Report on Data of Anti-Rabies Treatments Sup- 
plied by Pasteur Institutes, Bull. Health Organ, League of Nations 12:301-364, 
1945-1946. 

21. Redewill, F. H., and Underwood, L. J.: Neurological Complications of 
Treatment with Rabies Vaccine, California Med. 66:360-363 (June) 1947. 
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dissociation in the cerebrospinal fluid, it is misleading, since this abnor- 
mality of the cerebrospinal fluid occurs in many etiologically and anatomi- 
cally unrelated diseases, such as tumor of the cord, brain tumor or 
cerebral softening. If the term is meant to apply to those cases of 
polyneuritis and facial palsy with albuminocytologic dissociation in the 
cerebrospinal fluid in which the total protein is strikingly increased, it 
must be noted that such syndromes have been observed in cases of 
the neuritides associated with diabetes, diphtheria, alcohol and periarter- 
itis nodosa,”* all disorders presumably of different etiology. 

Although paralytic accidents occur in antirabies vaccination, the 
incidence is low, and treatment should not be withheld because of the 
fear of neurologic complications. Once this complication has declared 
itself, treatment should be discontinued promptly. 


SUMMARY 

Four cases of polyneuritis following antirabies vaccination are 
reported. In 2 cases there was polyneuritis with facial diplegia; in 1 
case bilateral weakness of the lower facial muscles, although movements 
of the occipitofrontalis muscles were normal, and in 1 case no facial 
weakness. Cases 1, 2, and possibly 3, fulfil the requirements for the 
diagnosis of the Guillain-Barré syndrome. Cases 1 and 2 cast doubt 
on a specific cause of the Guillain-Barré syndrome, the symptom com- 
plex having been observed in polyneuritides of various origins. One may 
wonder, therefore, whether the mechanism of facial diplegia is not 
mechanical, the paralysis developing when the facial nerves swell for 
any reason, since the bony facial canal has narrow limits for any 
increase in bulk of the nerve in its course through the canal. 


22. McIntyre, H. D.: Infective Neuronitis, Ohio State M. J. 33:875-883 
(Aug.) 1937. Dempsey, W. S.; Karnosh, L. J., and Gardner, W. J.: Guillain- 
Barré Syndrome, Dis. Nerv. System 9:67-79 (March) 1948. 


BLOOD CHEMISTRY OF SCHIZOPHRENIC PATIENTS BEFORE, 
DURING AND AFTER INSULIN SHOCK THERAPY 


Preliminary Studies 


SIDNEY P. GOTTFRIED, Ph.D. 
AND 


HERMAN H. WILLNER, M.D. 
NORTHPORT, N. Y. 


NSULIN shock has been an accepted form of therapy for schizo- 

phrenia for over ten years, and its use is worldwide. Numerous 
blood chemistry studies have been made on schizophrenic patients in con- 
junction with insulin shock treatment, but the results have often been 
variable, leaving the picture confused. The purpose of the present study 
was to repeat the blood chemistry determinations which appeared to be 
of significance in the study of schizophrenia from a biochemical angle. 
Thesc determinations are preliminary to further studies now being 
carried out in an attempt to link schizophrenia with a biochemical 
disturbance. It has been felt by many biochemists that schizophrenia 
is caused by a metabolic disturbance, possibly of a carbohydrate nature, 
ultimately affecting the brain tissue and leading to the symptoms 
described under schizophrenia. 


MATERIAL AND METHODS 


Attempts were also made to correlate any observed abnormalities in the blood 
chemistry with the psychic condition of the patient and to determine whether 
insulin treatment had any effect in correcting these abnormalities and in producing 
a remission in the condition of the patient. To this end, a group of schizophrenic 
patients of all types, with different backgrounds and with varying lengths of acute 
illness, were studied before and after insulin therapy. Since a deep coma is the 
state most desired in insulin shock therapy, whenever possible all blood chemistry 
determinations were performed during the first deep coma. 

Studies of the serum sodium, potassium and chlorides were made in order to 
determine whether there is involvement of the adrenal cortex in schizophrenia. 
Serum magnesium was determined in order to complete the study on blood cations. 
Calcium determinations were not performed, since Looney, Jellinek and Dyer! 
had already noted the absence of changes in the blood calcium of schizophrenic 
patients before and after insulin treatments. 


From the Biochemical Research Unit of the Veterans Administration Hospital. 

Published with permission of the Chief Medical Director, Department of 
Medicine and Surgery, Veterans Administration, who assumes no responsibility 
for the opinions expressed or conclusions drawn by the author. 

1. Looney, J. M.; Jellinek, E. M., and Dyer, C. G.: Physical Studies in 
Insulin Treatment of Acute Schizophrenia, Endocrinology 25:282, 1939. 
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Blood phosphates, such as blood and serum inorganic phosphorus, organic 
acid-soluble phosphorus, adenosine triphosphate phosphorus, hexose phosphate 
phosphorus and diphosphoglyceric acid phosphorus, and other constituents of the 
blood, such as total reducing substances, glucose, lactic acid and pyruvic acid, 
were all determined in order to obtain information as to whether there exist in 
schizophrenic persons indications of a disturbance in carbohydrate or lipid metab- 
olism. Hepatic function tests, such as the cephalin flocculation, thymol turbidity, 
alkaline phosphatase and intravenous bromsulphalein tests, were performed to 
determine the existence of a hepatic dysfunction. 


Material—All patients studied were male veterans, most of them in their 
twenties and early thirties, and all of them underwent a routine course of insulin 
shock therapy, with doses up to 350 units of insulin administered in a routine 
manner. Eleven patients were studied. From each subject blood for analysis 
was drawn within two weeks of the initiation of insulin shock therapy and within 
two weeks after the cessation of insulin shock therapy. On 4 patients blood 
studies were also made during the first deep coma. 

In some of the blood studies, in which additional information was desired, 
a second series of 13 patients was employed. With a few exceptions, blood 
analyses were made as in the first series, that is, before, during and after insulin 
shock therapy. : 

Insulin shock therapy was given in a routine manner. The patients were 
selected for therapy for psychiatric reasons alone and underwent the usual pre- 
liminary studies to exclude any contraindications, such as cardiac or pulmonary 
disease or acute infections. All were physically healthy persons, and some of 
them had received electric shock therapy previously. The initial dose was 20 units 
of insulin, and this was increased by daily increments up to 50 units, until a 
therapeutic response, preferably in the form of deep coma, appeared. Treatment 
was given on five days a week, with the last two days of the week without any 
insulin. The length of the first deep coma was kept to fifteen minutes; gradually 
it was increased to one hour, and this period was maintained throughout. The 
number of deep comas varied for the individual patients from twenty-five to 
forty-five. Occasional grand mal seizures were observed in some of the patients. 
Coma was terminated by tube feeding of 500 cc. of a 50 per cent sugar solution or 
by the intravenous administration of 33 per cent glucose solution in amounts varying 
up in 120 cc. The patients were carefully watched during the day and night for 
possible delayed reactions and were given a special diet with increased protein 
and limited fat intake in order that the best results with the insulin might be 
obtained and complications reduced as much as possible. The insulin preparations 
used were standard commercial ones; however, delayed action insulin was not used. 

Methods.—Blood chemistry determinations were performed according to the 
following procedures: 

Serum sodium was determined gravimetrically as the sodium zinc uranyl 
acetate.2 Potassium was precipitated as the cobaltinitrite, which was then deter- 
mined iodometrically.3 Chlorides were determined titrimetrically, using mercuric 


2. Blanchetiere, A.: A Method for Determining Sodium, Bull. Soc. chim. 
biol. 33:807, 1923. 


3. Kaye, I. A.: Determination of Minute Amounts of Potassium, Indust. & 
Engin. Chem. 12:310, 1940. 
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nitrate. Magnesium was precipitated as magnesium ammonium phosphate,® which 
was then determined colorimetrically by the method of Fiske and Subbarrow.® 
Serum phosphorus was determined by the method of Fiske and Subbarrow. Whole 
blood inorganic phosphorus, adenosine triphosphate phosphorus and the total 
organic acid-soluble phosphorus were determined by a method which Dr. W. J. 
Turner, of this hospital, and one of us (S. P. G.) developed. The method, based on 
the use of perchloric acid as a protein precipitant,? consisted in precipitating 1 cc. 
of blood with 9 cc. of 1.11 normal perchloric acid and centrifuging. Three cubic 
centimeters of the supernatant fluid was then analyzed colorimetrically for the 


Comparison of Inorganic Phosphorus Content Obtained with the Procedure 
Described in this Paper and That Obtained with the Method 
of Fiske and Subbarrow 


Inorganic Phosphorus, 
Mg. Per 100 Ce. 


1.11 N. 10 Per Cent 
Perchlorie Trichloroacetic 
Acid Acid 
as as 
; Protein Protein 

Specimen Precipitant Precipitant 
3.30 3.34 
3.40 3.29 
3.35 3.54 
4.24 4.10 
3.44 3.42 
4.11 3.92 
5.58 5.29 
4.60 4.46 
4.00 3.89 
4.10 3.88 


inorganic phosphorus content by the method of Fiske and Subbarrow, using 0.6 cc. 
of a 2.5 per cent solution of ammonium molybdate containing 6.4 cc. of concentrated 
sulfuric acid per hundred cubic centimeters, making it up to a final volume of 6 cc. 
and reading against a phosphorus standard of 0.024 mg. In the accompanying table 
are compared the results obtained with this method and with the method of Fiske 
and Subbarrow. 

It can be seen that the results obtained with the two methods agree within the 
limits of experimental error. In the determination of adenosine triphosphate phos- 


4. Schales, O., and Schales, S. S.: A Simple and Accurate Method for the 
Determination of Chloride in Biological Fluids, J. Biol. Chem. 140:879, 1941. 

5. Tschopp, E.: A Micromethod for the Determination of the Magnesium Ion 
in Biological Fluids and Organs, Helvat. chim. acta 10:843, 1927. 

6. Fiske, C. H., and Subbarrow, Y.: Colorimetric Determination of Phos- 
phorus, J. Biol. Chem. 66:375, 1925. 

7. Neuberg, C.; Strauss, E., and Lipkin, L. E.: Convenient Method for 
Deproteinization, Arch. Biochem. 4:101, 1944. 
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phorus, 3 cc. of the supernatant liquid was pipetted into a calibrated tube and 
heated in a boiling water bath for seven minutes to hydrolyze the labile phosphorus. 
The latter was determined similarly to the inorganic phosphorus content of the 
blood, using 1 cc. of the same molybdate solution, making up to a final volume of 
10 cc. and reading against an inorganic phosphorus standard of 0.024 mg. The 
labile, or pyrophosphate, phosphorus which is thus obtained is then multiplied by 
3/2 to give the desired value for the adenosine triphosphate phosphorus. 

The total organic acid-soluble phosphorus was determined by heating 2 cc. of 
the perchloric acid filtrate on a hot plate until all the water had evaporated and 
the solution had become perfectly clear. Here, the perchloric acid also acts as the 
oxidizing agent, converting the organic to the inorganic phosphorus. The latter 
was then determined by the method of Fiske and Subbarrow, usir~ 1 cc. of a 2.5 
per cent solution of ammonium molybdate containing 9.8 cc. of concentrated 
sulfuric acid per hundred cubic centimeters, making up to a final volume of 15 cc. 
and reading against a standard of 0.04 mg. of inorganic phosphorus. 

Alkaline phosphatase was determined by the method of Bodansky.® 

Total reducing substances, glucose and nonglucose reducing substances were 
determined by the procedure of Benedict.1° 

Hexose phosphate phosphorus was determined by the method of Cori and Cori,11 
while analysis for diphosphoglyceric acid phosphorus was made by the procedure 
of Rapoport.12 

Lactic acid was estimated colorimetrically,1? and pyruvic acid was determined 
colorimetrically by the method of Freidemann and Haugen.'4 

Sulfobromophthalein sodium, cephalin flocculation and thymol turbidity tests of 
hepatic function were performed according to standard procedures. 


RESULTS 


Serum sodium, potassium, magnesium and chlorides were normal 
before insulin treatment and remained normal during the first deep 
coma and after insulin treatment had been terminated. These results 


8. Guest, G. M., and Rapoport, S.: Organic Acid—Soluble Phosphorus Com- 
pounds of Blood, Physiol. Rev. 21:410, 1941. 

9. Bodansky, A.: Phosphatase Studies: Determination of Serum Phosphatase; 
Factors Influencing Accuracy of Determination, J. Biol. Chem. 101:93, 1933. 

10. Benedict, O.: The Analysis of Whole Blood: II. The Determination of 
Sugar and of Saccharoids (Non-Fermentable Copper Reducing Substances), 
J. Biol. Chem. 92:141, 1931. 

11. Cori, G. T., and Cori, C. F.: Method for Determination of Hexosemono- 
phosphate in Muscle, J. Biol. Chem. 94:561, 1931. 

12. Rapoport, S.: Blutglykolyse and Phosphorglycerinsaure, Vorlaufige Mit- 
teilung, Biochem. Ztschr. 289:290, 1937. 

13. Elgart, S., and Harris, J. H.: Determination of Lactic Acid in Blood, 
Indust. & Engin. Chem. (Anal. Ed.) 12:758, 1940. 

14. Freidemann, T. E., and Haugen, G. E.: II. The Determination of Keto 
Acids in Blood and Urine, J. Biol. Chem. 147:415, 1943. 
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agree with the values reported by Looney and associates,* Bowman *° 
and Katzenelbogen and Snyder."® 


Total reducing substances and glucose lay within normal limits 
before and after shock therapy. But during the first deep coma the blood 
concentrations dropped considerably—even to zero in several cases. In 
all cases the values obtained were under 30 mg. per hundred cubic centi- 
meters. This finding has been noted by many investigators. However, 
Kasanin 17 and McCowan and Quastel '* noted a slightly elevated glucose 
tolerance curve for schizophrenic subjects. 

The lact‘>-acid levels were variable. Of 10 determinations, 2 gave 
low values (below 10 mg. per hundred cubic centimeters) and 2 high 
values (above 20 mg. per hundred cubic centimeters) before treatment. 
After treatment there were low values in 2 cases and increased values in 
3 cases. No effect of insulin shock treatment on the lactic acid levels 
could be demonstrated. The pyruvic acid levels, on the other hand, 
were essentially normal both before and after treatment, ranging from 
1.06 to 2.32 mg. per hundred cubic centimeters. The lactic acid—pyruvic 
acid ratios were far from consistent, varying from 4.5 to 16.6 before 
treatment and from 2.6 to 22.5 after treatment. Lactic acid and pyruvic 
acid levels were not determined during deep coma because of the violent 
muscular activity evidenced during that period. 

Hoskins and Jellinek '® stated that for schizophrenic subjects the 
mean lactic acid level was elevated. In this study the mean lactic acid 
level before treatment was 14.5 mg. per hundred cubic centimeters, while 
after treatment it was 14.9 mg., both results being normal. 


In half of the 24 patients on whom analysis was carried out before 
insulin treatment, the inorganic serum phosphorus was found to be 
increased above the normal of 2 to 4 mg. per hundred cubic centimeters. 
Of these 12 subjects, the whole blood inorganic phosphorus was increased 
in only 4. After treatment it remained high in 5 of the 12 subjects, while 
in 4 others in whom it previously had been normal before treatment it 
also became increased. However, after treatment all the results for 
the whole blood inorganic phosphorus were normal. 


15. Bowman, K. M.: Blood Chemistry in Mental Disease, Am. J. Psychiat. 
80:379, 1923 


16. Katzenelbogen, S., and Snyder, R.: The Mineral Constituents in Blood 
Serum and Cells of Schizophrenic Patients, Arch. Neurol & Psychiat. 50:162 
(Aug.) 1943. 

17. Kasanin, J.: The Blood Sugar Curve in Mental Disease, Arch. Neurol. & 
Psychiat. 16:414 (Oct.) 1926. . 

18. McCowan, P. K., and Quastel, J. H.: Blood Sugar Studies in Abnormal 
Mental States, J. Ment. Sc. 77:525, 1931. 

19. Hoskins, R. G., and Jellinek, E. M.: The Schizophrenic Personality with 


Special Regard to Psychologic and Organic Concomitants, A. Research Nerv. & 
Ment. Dis., Proc. 14:211, 1934. 
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An interesting observation is that before treatment in 12 of the 24 
patients the inorganic phosphorus of the serum was greater than the 
inorganic phosphorus of whole blood by more than 0.5 mg. per hundred 
cubic centimeters. In these patients the serum inorganic phosphorus 
was either normal or increased. After treatment, this difference was 
observed in 15 patients, these subjects not necessarily being the same 
as the pretreatment series. However, in only 1 of 6 normal subjects 
studied was the inorganic phosphorus of serum greater than the inorganic 
phosphorus of whole blood by more than 0.5 mg. per hundred cubic 
centimeters. 

Looney and associates’ reported the pretreatment inorganic phos- 
phorus to be significantly greater than that in normal controls, and in 
patients who showed a remission after insulin shock treatment the 
inorganic phosphorus dropped to normal. Skaug and Hellem,”° on 
the other hand, reported that in schizophrenic subjects the blood 
inorganic phosphorus was less than that in the normal subject. Katzenel- 
bogen and Snyder ** claimed that the inorganic phosphorus content of 
the serum and cells of schizophrenic patients was essentially normal. 
The results obtained in the present study are more in agreement with 
those of Looney and associates* so far as the pretreatment values are 
concerned. However, after insulin treatment no correlation could be 
drawn between a return of the inorganic phosphorus to normal and a 
remission in the condition of the patient. During deep coma the 
inorganic phosphorus of both the blood and the serum were depressed. 

Of 23 patients for whom analyses were made for adenosine triphos- 
phate phosphorus, the post-treatment values were significantly increased 
for 17; for only 4 were they decreased. The blood concentrations 
during the first deep coma did not reveal any definite trend. For 6 
normal subjects, values ranging from 6.0 to 8.5 mg. per hundred cubic 
centimeters were obtained. The results after insulin shock therapy varied 
from 3.8 to 11.8 mg. per hundred cubic centimeters, with a mean of 7.1 
mg., the results for 4 subjects being below normal. The results before 
insulin shock treatment varied from 3.6 to 10.0 mg. per hundred cubic 
centimeters, with a mean of 5.9 mg., the results for 10 subjects being 
below normal. 


Of 23 patients for whom analyses were made for organic acid-soluble 
phosphorus, 5 showed values after insulin shock which were significantly 
increased over the values before treatment. By “significantly increased” 
is meant an increase of over 5 mg. per hundred cubic centimeters. For 
6 normal patients, values ranging from 22.6 to 25.9 mg. per hundred 
cubic centimeters were obtained. The values after insulin shock varied 


20. Skaug, O. E., and Hellem, A. J.: Disturbances of the Phosphorylation 
Mechanism in Schizophrenics, Nord. med. 9:922, 1941. 
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from 20.8 to 27.0 mg., with a mean of 24.4 mg., the results for 3 subjects 
being less than normal. The results before insulin shock therapy varied 
from 19.2 to 25.3 mg. per hundred cubic centimeters, with a mean of 
22.2 mg., the results for 11 subjects being less than normal. There was 
no significant change during deep coma. 

Skaug and Hellem*° likewise stated that the organic acid-soluble 
phosphorus was slightly less for the schizophrenic than for the normal 
subject. 

The results of hexose phosphate phosphorus determinations do not 
present a clear picture. Of 14 patients, 8 showed a significant decrease 
over the preinsulin treatment levels during the first deep coma, while 
for 4 others the concentrations increased. Studies before and after 
insulin shock therapy were made on 23 patients. The levels after insulin 
treatment varied from 1.42 to 5.13 mg. per hundred cubic centimeters, 
with a mean of 3.32 mg. The levels before insulin shock therapy treat- 
ment varied from 1.23 to 4.34 mg. per hundred cubic centimeters, 
with a mean of 2.91 mg. No determinations were made on normal 
controls. 

Skaug and Hellem *° stated that the mean blood hexose phosphate 
phosphorus level for schizophrenic patients was 2.50 mg. per hundred 
cubic centimeters, as opposed to a mean normal level of 3.80 mg. After 
insulin shock treatment, it was claimed that the patients showed an 
increased hexose phosphate phosphorus content of the blood; for 7 
treated patients, the mean value rose from 2.23 to 2.87 mg. per hundred 
cubic centimeters. Although a slight increase in the mean value was 
also observed in this study, it is not considered significant. In addition, 
while the concentrations after treatment exceeded the levels before 
treatment for 11 of 20 patients, for 6 patients the post-treatment con- 
centrations were decreased. 


The blood diphosphoglyceric acid phosphorus levels were essentially 
normal before, during and after insulin treatment, varying from 9.2 to 
14.4 mg. per hundred cubic centimeters. 

Of the hepatic function studies performed, alkaline phosphatase was 
normal, while the intravenous sulfobromophthalein test gave only one 
abnormal result before treatment; this became normal after insulin 
treatment had been terminated. The results of all thymol turbidity tests 
were normal before insulin shock therapy, but for 2 patients the values 
for the test were increased after treatment. 

For 4 of 11 patients the cephalin flocculation test gave a positive 
result (above 1 plus in twenty-four hours) ; for 2 patients this became 
normal after treatment. De Jong," on the other hand, reported a high 


21. De Jong, H. H.: Experimental Catatonia, Baltimore, Williams & Wilkins 
Company, 1945. 
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percentage of positive results in the cephalin flocculation test in schizo- 
phrenic subjects, especially of the catatonic type. 


COMMENT 


Of the blood chemistry determinations performed in this study, the 
values for blood and serum inorganic phosphorus, adenosine triphosphate 
phosphorus, organic and soluble phosphorus and lactic acid—pyruvic 
acid ratios were abnormal for some of the patients. Since these constit- 
uents are intimately connected with carbohydrate metabolism, and, since 
carbohydrates are the chief source of energy for brain tissue, these lend 
results credence to the theory that a disturbance in carbohydrate 
metabolism may be responsible for the symptoms described for schizo- 
phrenia. Likewise, in view of the relation of phosphorylation reactions 
to lipid metabolism and the involvement of the adrenal cortex in the 
regulation of lipid metabolism, the abnormalities in the concertration 
of some of the blood phosphate fractions would suggest an impairment 
in the function of the adrenal cortex. Even though the values for serum 
potassium, sodium and chlorides were normal both before and after 
treatment, the possibility of the involvement of the adrenal cortex in 
schizophrenia is not ruled out. A determination of the excretion of 
the neutral 17-ketosteroids would be a more direct answer. This work 
is in progress. 

All attempts to draw a correlation between an abnormality in any 
of the chemical constituents of the blood for which analysis were made 
and the psychic condition of the patient, or between a return to normal 
of a blood constituent and a remission in the condition of the patient, 
were unsuccessful. However, Looney and associates ' claimed to have 
shown the existence of such a relation in the case of inorganic phos- 
phorus, and Skaug and Hellem,”° in the case of inorganic phosphorus 
and hexose phosphate phosphorus. Nevertheless, these relations must 
still remain under consideration until confirmed by other investigators. 
As previously stated, the present study did not succeed in doing so. 

It is apparent that more extensive studies are necessary to clear up 
the lack of agreement among investigators in the field of schizophrenia. 
It is difficult to believe that the answer lies entirely in the laboratory 
methods and experimental technics employed, although the latter may 
be partly responsible. The high intraindividual variability evidenced in 
schizophrenia might account to some extent for this disagreement. At 
any rate, further work on the blood chemistry of schizophrenic patients 
is definitely indicated. 


The same statement can be made with regard to the question of 


hepatic dysfunction in schizophrenic patients. Although some abnormal 
values for the cephalin flocculation test were obtained, no correlation 
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could be drawn between an abnormal result of the cephalin flocculation 
test and the psychic condition of the patient. On the other hand, 
De Jong stated the belief that a pathologic condition of the liver, as 
evidenced by an abnormal result in the cephalin flocculation test, is 
responsible for schizophrenia. 


SUMMARY 


Blood chemistry determinations were performed on 24 young men 
with schizophrenia before, during and after insulin shock therapy. The 
results are summarized as follows: 

1. Values for serum potassium, sodium, chlorides and magnesium 
and blood levels of glucose and total reducing substances were normal 
before and after insulin therapy. The glucose and total reducing 
substances of the blood were sharply reduced during coma. 

2. The lactic acid levels of the blood were variable, being either low 
or high in a few cases before and after insulin treatment. Pyruvic acid 
was essentially normal. The lactic acid—pyruvice acid ratio had a wide 
range. 

3. Of the phosphate fractions, serum inorganic phosphorus was 
generally increased before and after treatment. Blood inorganic phos- 
phorus was increased in a few patients before treatment but was normal 
in all patients after treatment. Values for adenosine triphosphate 
phosphorus after treatment were higher than the values before treat- 
ment, many of which were below normal. The total organic acid-soluble 
phosphorus was somewhat increased after treatment, many of the pre- 
treatment results being below normal. Hexose phosphate phosphorus 
levels were variable, and were essentially the same before and after 
treatment. Diphosphoglyceric acid phosphorus was normal before and 
after treatment. The only phosphate fractions to show a significant 
change during deep coma were the inorganic phosphorus of the blood 
and serum, which dropped. 


4. Of the hepatic function tests performed, the sulfobromophthalein 
sodium test (with 1 exception), the alkaline phosphatase determination 
and the thymol turbidity test all gave normal results before treatment. 
After treatment the values for the thymol turbidity test were increased 
in a few cases. The results of the cephalin flocculation test were positive 
before treatment in several cases, in some of which they became normal 
after treatment. 


ARTERIOGRAPHIC STUDY OF EFFECT OF DRUGS ON 
INTRACRANIAL VESSELS IN PATIENTS WITH 
CHRONIC HEADACHE 


A Preliminary Report 


ARNOLD P. FRIEDMAN, M.D. 
EMANUEL FEIRING, M.D. 
LEO M. DAVIDOFF, M.D. 

AND 


H. HOUSTON MERRITT, M.D. 
NEW YORK 


T IS BELIEVED that certain types of headaches are caused by 
aberrations in the caliber of the intracranial blood vessels.’ Evi- 
dence has been presented by Wolff and his associates to indicate that 
the headache accompanying a variety of pathologic states, such as 
fever, anoxia, sepsis, carbon monoxide poisoning, and following the use of 
nitrates results mainly from dilatation and distention of cerebral arteries.” 
[t occurred to us that arteriography might be utilized for the purpose 
of demonstrating roentgenographically variations in the size of the 
intracranial vessels. This possibility was tested in 8 patients, and the 
results obtained provide the material for this preliminary report. 


METHOD 


Eight patients who gave a history of chronically recurring headache, and who 
had been carefully studied in the headache clinic, were selected with their consent to 
be experimental subjects. Arteriograms were obtained before and after the admin- 
istration of the drug to be tested. 

Four patients were given histamine intravenously in doses of 0.1 mg. of hista- 
mine base (0.275 mg. of histamine diphosphate). Blood pressure determinations 
were made at frequent intervals, and the patients were instructed to report their 
subjective reactions. The other 4 patients were given ergotamine tartrate in 


1. Wolff, H. G.: Headache from Distention of Cerebral and Pial Arteries, 
in Headache and Other Head Pain, New York, Oxford University Press, 1948, 
chap. 4. 

2. Sutherland, A. M., and Wolff, H. G.: Experimental Studies on Headache: 
Further Analysis of the Mechanism of Headache in Migraine, Hypertension and 
Fever, Arch. Neurol. & Psychiat. 44:929 (Nov.) 1940. Wolff,1 p. 625; The 
Cerebral Circulation: lla. The Action of Acetylcholine; 11b. The Action of the 
Extract of the Posterior Lobe of the Pituitary Gland; 1lc. The Action of Amy]l 
Nitrite; Arch. Neurol. & Psychiat. 22:686 (Oct.) 1929. 
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doses of 0.5 mg. intravenously. After the administration of the drug to be tested, 
two arteriograms were obtained at stated intervals. In most cases prior to admin- 
istration of the drug two “normal” arteriograms were obtained at five minute 
intervals, so as to determine the effect of the diodrast® (iodopyracet injection 
U. S. P.) itself on the caliber of the intracranial blood vessels. 

The technic used in arteriographic visualization was as follows: Five grains 
(0.325 Gm.) of sodium phenobarbital was administered before operation by intra- 
muscular injection as an anticonvulsant measure. Exposure of the common carotid 


TABLE 1.—Variation in Caliber of Vessels with Diodrast® 


Case Percentage of Variation 
2.0 
3.0 


TABLE 2.—Comparison of Blood Vessels in Normal State and After Injection 
of Histamine 


Percentage Variation 
Case First Reading Second Reading 
+18.6 +25.6 


TABLE 3.—Comparison of Blood Vessels in Normal State and After 
Injection of Ergotamine Tartrate 


Percentage Variation 
co An 
Case First Reading Second Reading 


artery was performed with the use of local anesthesia (1 per cent procaine hydro- 
chloride), through a small incision placed above the medial end of the clavicle 
between the heads of origin of the sternocleidomastoid muscle. The artery was 
readily lifted out of the wound by means of a tape placed around it, and after 
a curved 17 gage needle had been inserted the vessel was permitted to fall back into 
the wound. The head of the patient was securely fixed against a specially designed 
cassette holder and the x-ray tube locked in position. All physical factors con- 
cerned with the roentgenologic technic were kept constant. The contrast medium 
used to outline the intracranial blood vessels was 35 per cent iodopyracet solution. 
This was injected in quantities of 10 to 12 cc., the roentgenographic exposure 
being made after two thirds to three fourths of the total amount had been injected. 
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Between the injections of the contrast medium, isotonic solution of sodium chloride 
was slowly injected to maintain the patency of the needle within the artery. 

A contact print and an enlargement (magnification, x 4) were made from each 
film. With the use of a proportional divider and a calibrated millimeter rule, 
a series of measurements of the size of the blood vessels were made from 
both contact prints and enlargements. A given point along the course of a 
particular artery in any one film was identified in subsequent films by measuring 
its distance from a point at which the vessel gave off a branch. 


OBSERVATIONS 


In table 1 are shown the percentage variations from the mean in 
the caliber of the blood vessels after two injections of iodopyracet solu- 


_ Fig. 1—Arteriogram (A) before administration and (B) after administration 
of histamine. 


tion at five minute intervals prior to the administration of the drug to 
be tested. No striking difference in the size of the blood vessels in the 
two sets of films was observed in any subject. Of the 4 patients receiv- 
ing histamine, 2 showed rather pronounced dilatation of the blood ves- 
sels after the administration of the drug, while 2 showed no significant 
changes (table 2). Of the 4 patients receiving ergotamine tartrate. 


me. 
- 
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2 showed what appeared to be a significant decrease in the size of the 
blood vessels, while 2 revealed no changes (table 3). Illustrative 
angiograms are shown in figures 1 and 2. 

Worth noting, perhaps, is the fact that of the 2 patients who were 
given histamine and whose angiograms revealed no changes in the size 
of the blood vessels, one failed to react either subjectively or objectively 


Fig. 2.—Arteriogram (4) before and (B) after administration of ergotamine 
tartrate. 


to the drug, while the other reacted with flushing of the face, a decided 
fall in blood pressure, a burning sensation and severe headache. 

These preliminary observations are insufficient to permit statistical 
analysis of the effects of the drugs tested, but they do suggest that the 
technic of angiography may be applicable to the study of the problem 
of headache and the action of therapeutic agents on the intracranial blood 
vessels. 
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NEUROFIBROMATOSIS (VON RECKLINGHAUSEN’S DISEASE 
OF THE NERVOUS SYSTEM) 
Analysis of the Total Pathologic Picture 


BEN W. LICHTENSTEIN, M.D. 
CHICAGO 


HE PATHOLOGIC studies by von Recklinghausen covered a 

pleomorphic variety of disorders, but he is best known for the 
detailed description of two disease entities which bear his name. The 
first, frequently termed neurofibromatosis, or von Recklinghausen’s 
disease, is characterized chiefly by a pigmentary and tumorous disorder 
of the skin, tumors of the nervous system and fibrocystic disease of the 
bones. The second, generalized osteitis fibrosa, characterized chiefly by 
fibrocystic disease of the bones, is wholly unrelated to the first disorder, 
with which it is sometimes confused. To make the distinction more 
definite, the term von Recklinghausen’s neurofibromatosis, or von 
Recklinghausen’s disease of the nervous system, has been used for the 
former, while von Recklinghausen’s disease of bone designates the latter. 
The study of the morbid anatomic manifestations of von Recklinghausen’s 
neurofibromatosis may be unusually difficult, not only because of the 
pleomorphism of the lesions but also because of the enormous litera- 
ture that has accumulated since the classic description’ in 1882. The 
fact that the disorder was described in detail by R. W. Smith in 1849 
and by many others before him (Wilson?) detracts little from the 
importance of von Recklinghausen’s contribution. Although the disease 
is of primary importance to the dermatologist and the neurologist, there 
is hardly a medical specialty on which it fails to cast its shadow. Con- 
fusing terminology and endless theoretic discussions have served only 
to complicate an already complex subject. The purpose of this contri- 
bution is not to add a few more clinicopathologic reports to the already 
voluminous literature, but to describe several uncommon morbid anatomic 
features of the disease and to present a schema which will serve as a 
guide to the understanding of the total pathologic picture and the analysis 
of future material. 


From the Department of Neurology and Neurological Surgery, University 
of Illinois College of Medicine; and the State Neuropathology Laboratory of the 
Illinois Neuropsychiatric Institute. 

1. von Recklinghausen, F.: Ueber die multiplen Fibrome der Haut und ihre 
Beziehung zu den multiplen Neuromen, Berlin, A. Hirschwald, 1882. 

2. Wilson, S. A. K.: Neurology, edited by A. Ninian Bruce, Baltimore, 
Williams & Wilkins Company, 1940, vol. 2, p. 1326. 
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REPORT OF CASES 


Case 1 (Dr. R. H. Jaffé, pathologist)—A Negro woman aged 51, with the 
characteristic cutaneous lesions of neurofibromatosis since early childhood, died 
of a neurogenic sarcoma of the right second intercostal nerve with multiple 
metastases. In addition to the cutaneous fibromas, the multiple neurofibromas 
of: the roots and peripheral nerves and the neurogenic sarcoma with metastases 
were the tumors in the medulla of both adrenal glands. The nodule in the left 
adrenal gland measured 8 by 8 mm. in its diameters, and the tumor in the right 
adrenal gland measured 14 mm. in diameter (fig. 1A). 

Microscopic Observations—The nerves showed the typical features of neuro- 
fibromatosis. The tumors contained interlacing bundles of elongated cells, 
between which were strands of reticulin. Palisading nuclei were frequent. The 
cutaneous fibromas were plaquelike, and the overlying epidermis was compressed. 
They were composed of a loose meshwork of spindle-shaped cells devoid of 
blood vessels, and no nerve fibers or palisading nuclei were seen. They were 


Fig. 1 (case 1).—A, pheochromocytoma of the adrenal gland; B, medium 
power photomicrograph showing the nests of chromaffin cells. Hematoxylin and 
eosin stain. 


sharply demarcated from the connective tissue of the cutis proper, which was 
rich in collagenous fibers. Both tumors of the adrenal glands were identical 
histologically. The cells were roughly cuboidal and arranged loosely in clumps, 
among which were a moderate number of capillary blood vessels. The cells 
contained single, round nuclei, and in material fixed in Zenker’s solution the 
cytoplasm of many of the cells was seen to contain brownish granules (fig. 1B). 


Comment.—The adrenal tumors were composed of chromaffin tissue 
and are designated as pheochromocytomas. Such tumors may be uni- 
lateral or bilateral, and they are of clinical significance when they are 
functionally overactive, producing paroxysmal arterial hypertension. 
The association of pheochromocytomas of the adrenal glands with neuro- 
fibromatosis is uncommon, only 6 previous cases having been described 
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(Suzuki,? Kawashima,‘ Herxheimer,’ Zeckwer,® Russum and Barry,’ 
and Rosenthal and Willis *). Unusual features of the tumors reported by 
Rosenthal and Willis * were the ganglion cells within the pheochromocy- 
toma and the chrome-staining property of some of them. In their con- 
clusion, the authors stated that the association of neurofibromatosis with 
paragangliomas of the adrenal glands is too frequent to be fortuitous and 
that an essential relationship must exist between the two conditions. 
Hyperplasia or neoplasia of parenchymatous derivatives of the ectoderm, 
such as ganglion cells, chromaffin tissue and sebaceous glands, is not a 
basic feature of neurofibromatosis, but is an associated feature, which 
will be discussed later. 


Case 2.—A white man aged 38 had a progressive history of atrophy of the 
muscles of the left forearm and right leg of thirteen years’ duration, unsteady 
gait for five years and signs of increased intracranial pressure for six months. 
There were no cutaneous signs of neurofibromatosis. He died June 5, 1934, 
after a ventriculographic examination. 

The anatomic diagnosis was bilateral acoustic neurinoma, multiple neurinomas 
of the spinal nerve roots, multiple ependymomas of the spinal cord, meningioma 
attached to the inner aspect of the spinal dura mater, astrocytoma of the 
cerebellum, hyperplasia of the marginal glia of the spinal cord, submarginal 
accumulations of atypical neuroglial cells in the white substance of the spinal 
cord and focal accumulation of anomalous blood vessels in the dorsal columns 
of the spinal cord. The gross tumors of the spinal cord and its meninges were 
previously described in a study of multiple primary tumors of the spinal cord 
(Lichtenstein®). 

Macroscopic Observations—In each cerebellopontile angle was a firm tumor, 
the mass on one side measuring 5 by 3 cm. in its greatest diameters and that on 
the other 3 by 2 cm. The spinal cord was grossly normal. After being hardened 
in a 10 per cent concentration of solution of formaldehyde U. S. P., the cord 
was sectioned into segments at each spinal nerve root. In the central portion 
of the spinal cord at the level of the cervical enlargement was a firm, spherical 
and fascicular, grayish white node. Throughout the thoracic levels were similar 
intramedullary grayish white nodules. In the upper thoracic segments a firm, 


3. Suzuki, S.: Ueber zwei Tumoren aus Nebennierenmarkgewebe, Berl. klin. 
Wehnschr. 47:1623, 1910. 

4. Kawashima, K.: Ueber einen Fall von multiplen Hautfibromen mit Neben- 
nierengeschwulst: Ein Beitrag zur Kenntnis des sog. Morbus Recklinghausen, 
Virchows Arch, f. path. Anat. 203:66, 1911. 

5. Herxheimer, G.: Ueber Tumoren des Nebennierenmarkes, insbesondere 
das Neuroblastoma sympathicum, Beitr. z. path. Anat. u. z. allg. Path. 57:112, 
1914. 

6. Zeckwer, I. T.: Chromaffin Cell Tumor of the Adrenal Medulla (Para- 
ganglioma), Boston M. & S. J. 193:254, 1925. 

7. Russum, B. C., and Barry, M. W.: Paraganglioma in Suprarenal Medulla 
with Neurofibromatosis, Nebraska M. J. 15:243, 1930. 

8. Rosenthal, D. B., and Willis, R. A.: The Association of Chromaffin 
Tumours with Neurofibromatosis, J. Path. & Bact. 42:599, 1936. 

9. Lichtenstein, B. W.: Multiple Primary Tumors of the Spinal Cord, 
Arch. Neurol. & Psychiat. 46:59 (July) 1941. 
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grayish white tumor was attached to the inner aspect of the dura mater. Through- 
out the entire length of the spinal cord, especially in the cauda equina, definite 
spherical swellings in the spinal nerve roots were seen (fig. 24). In the left 
lobe of the cerebellum, a firm, grayish white tumor was seen in the zone between 
the cortex and the subcortical white substance. The tumor merged impercepti- 
bly into the surrounding white substance, and its central portion was partially 
calcified. 


Microscopic Observations——The tumors in the cerebellopontile angles and on 
the spinal nerve roots were definitely neurinomatous in appearance and, in sec- 
tions impregnated by the Perdrau method were seen to contain innumerable 
reticulin fibrils. In places the nuclei in these tumors were arranged in palisade 
formation. The intramedullary tumors were typical ependymomas (fig. 2B). 
In sections stained with toluidine blue, the tumors were seen to consist mor- 
phologically of a moderate number of thick-walled blood vessels surrounded by 
a clear zone, which in sections stained with Mallory’s phosphotungstic acid 


Fig. 2 (case 2)—A, low power photomicrograph of a transverse section 
through the sacral portion of the spinal cord and the roots of the cauda equina, 
showing the multiple neurofibromas; B, transverse section through an intra- 
medullary ependymoma in the thoracic region. Toluidine blue stain. 


hematoxylin was filled with fine, steel blue fibrils radiating to the adventitia of 
the blood vessels. Beyond this was a zone of vesicular, chromatin-rich nuclei. 
Mitotic figures were not seen, and in some places the lumens of the blood .ves- 
sels were occluded by calcific masses. In the upper thoracic region of the spinal 
cord the inner aspect of the dura mater dorsal to the cord was the site of a tumor, 
which measured up to 8 mm. in its greatest diameter. This tumor was com- 
pletely separated from the underlying arachnoid membrane, and it did not compress 
the spinal cord or its nerve roots (fig. 34). For the most part, it was densely 
fibrotic, with only occasional elongated and compressed nuclei, and throughout 
were innumerable spherical calcareous concretions (psammoma bodies), which 
were laminated and which varied considerably in size. In some fields an island 
of bone was seen. The central ependymal tissue at this level was hyperplastic. 
In many sections of the spinal cord stained with toluidine blue a distinct layer 
of hyperchromatic glial nuclei was seen in the marginal zone (fig. 3B). This 
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zone of marginal glia was not continuous about the entire circumference of the 
spinal cord but was more or less fragmentary. In other loci the white columns 
of the spinal cord contained nests of atypical neuroglial elements (fig. 44). Under 
higher magnification these cellular accumulations were seen to be identical with 


Fig. 3 (case 2).—A, low power photomicrograph of a section through a thoracic 
level of the spinal cord showing the meningioma, small neurinomas of the nerve 
roots and central ependymal hyperplasia; myelin sheath stain counterstained with 
Van Gieson’s picrofuchsin method. B, medium power photomicrograph of the 
pial-glial membrane of the spinal cord, showing hyperplasia of the marginal 
neuroglial cells (arrows). Toluidine blue stain. 


Fig. 4 (case 2).—A, low power photomicrograph of a section through a 
thoracic level of the spinal cord showing nests of atypical neuroglial cells in the 
white substance (arrows). B, higher power photomicrograph of the neurogliai 
cell rests. Toluidine blue stain. 
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those generally seen in the cerebral cortex in some instances of neurofibromatosis. 
Most of their nuclei were round, but some were elongated and kidney shaped 
(fig. 4B). 

The tumor in the cerebellum consisted of fibrillary and protoplasmic astro- 
cytes, closely packed together (fig. 54). It was difficult to decide from which 
layer of the cerebellum the tumor originated, but it seemed to center about the 
Purkinje cell layer and its bed of Bergmann glial fibers. This tumor invaded 
and destroyed the neighboring cerebellar cortex, which was greatly depleted of 
nerve cells. 

In several sections taken through the thoracic levels of the spinal cord, a 
nest of thick-walled blood vessels was seen in the columns of Goll (fig. 5B) on 
one side. These thick-walled vessels were surrounded by normal-appearing 
myelinated nerve fibers and appeared to be a vascular anomaly. The lumens 
were patent, and filled with red blood cells, and the walls were rich in col- 
lagenous connective tissue. 

Another striking feature was the presence of small, neurinomatous-like lesions 
on the intramedullary blood vessels. These were best seen in toluidine blue 
preparations (fig. 64). Nuclear palisades were not seen; in myelin sheath prepara- 
tions myelin could be seen in some places. These structures followed the blood’ 
vessels and were plexuses of myelinated and nonmyelinated peripheral nerves. 
The pathologic state has been described as neuromatosis (page 678). 


Comment.—The neurofibromatosis of the nerve roots serves to stamp 
this case as one of von Recklinghausen’s disease of the nervous system. 
The unusual features were the hyperplasia of the marginal glia, the sub- 
pial accumulations of atypical neuroglial elements, the angioneuro- 
matosis and the excessive vascularity in the spinal cord at one level. 
The other manifestations have been reported by Penfield and Young,*® 
Kernohan and Parker,’* Foerster and Gagel,'* Bielschowsky and Rose,” 
Henneberg and Koch ** and many others, and, though uncommon, re- 
ports of cases in the literature are not rare. 

In a third case of neurofibromatosis a fibroma was seen to arise from 
the pia mater (fig.6 8). In nuclear preparations, this tumor appeared 
to be a simple fibroma with no palisades of nuclei or other features of a 
neurofibroma. 


10. Penfield, W., and Young, A. W.: The Nature of von Recklinghausen’s 
Disease and the Tumors Associated with It, Arch. Neurol. & Psychiat. 23:320 
(Feb.) 1930. 

11. Kernohan, J. W., and Parker, H. L.: A Case of Recklinghausen’s Dis- 
ease with Observations on the Associated Formation of Tumors, J. Nerv. & 
Ment. Dis. 76:313, 1932. 

12. Foerster, O., and Gagel, O.: Ein Fall von Recklinghausenscher Krank- 
heit mit finf nebeneinander bestehenden verschiedenartigen Tumorbildungen, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 188:339, 1932. 

13. Bielschowsky, M., and Rose, M.: Zur Kenntnis der zentralen Veran- 
derungen bei Recklinghausenscher Krankheit, J. f. Psychol. u. Neurol. 35:42, 
1927. 

14. Henneberg, and Koch, M.: Ueber “centrale” Neurofibromatose und die 
Geschwiilste des Kleinhirnbriickenwinkels (Acusticusneurome), Arch. f. Psychiat. 
36:251, 1903. 
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Fig. 5 (case 2).—A, low power photomicrograph showing the small astro- 
cytoma in the cerebellum; hematoxylin-eosin stain. B, low power photomicro- 
graph showing an abnormal accumulaticn of thick-walled blood vessels in the 
column of Goll. Myelin sheath stain. 


Fig. 6.—A (case 2), angioneuromatosis; low power photomicrograph showing 
hyperplastic nerves on the intramedullary spinal blood vessels. B (case 3), pial 
fibroma (f). Toluidine blue stain. 
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GENERAL DISCUSSION 


The cause of von Recklinghausen’s neurofibromatosis rests undoubt- 
edly in defective germ plasm, since in most instances the disease is both 
congenital and heredofamilial. Penfield and Young ?° stated the belief 
that in neurofibromatosis an irritating or a stimulating influence is 
exerted on the various tissues, causing hyperplasia in them, and that 
superimposed on, or subsequent to, this effect is the appearance of 
neoplastic growths in these cells. Davis '® expressed the view that the 
dissimilarity in structure of some of the tumors is so great as to suggest 
a degenerative change which primarily affects the nerve substance itself, 
while the tumors which follow may be secondary growths in the various 
supportive elements. From the study of my material and an analysis 
of the literature, it appears that the basic pathologic lesions are foci of 
hyperplasia and neoplasia of the supportive derivatives of the primitive 
ectoderm. Commonly added to this basic pathologic process are hyper- 
plasia of nutritive elements (blood vessels) and, in rare instances, 
hyperplasia of parenchymatous elements. 


EMBRYOLOGIC CONSIDERATIONS 


The ectoderm of higher vertebrates gives rise to neural structures, 
such as the neural tube and neural crests, to the epidermis and to the 
epithelium of the oral, nasal and anal cavities. The embryonic mesoderm 
arises in the primitive streak, which appears to be a thickened band of 
ectoderm (Arey **). From this site mesodermal cells spread out between 
the ectoderm and the endoderm. Although the mesoderm is the chief 
source of mesenchyme, it is generally accepted that both the ectoderm and 
the endoderm also give rise to a diffuse meshwork of cells, which may 
be termed mesenchyme (Arey *’). Of the three ectodermal subdivisions 
—the neurectoderm, the epidermis and the epithelium of the oral, nasal 
and anal cavities—the neurectoderm has undergone the most complex 
change from the point of view of comparative anatomy. In the 
Amphioxus embryo the dorsal nerve roots arise from intramedullary 
nerve cells (Retzius **), but in the adult animal many of these nerve cells 


15. Davis, F. A.: Primary Tumors of the Optic Nerve (A Phenomenon of 
Recklinghausen’s Disease): A Clinical and Pathologic Study with a Report of 
Five Cases and a Review of the Literature, Arch. Ophth. 23:735 (April) 
and 957, 1940. 

16. Arey, L. B.: Developmental Anatomy: A Textbook and Laboratory 
Manual of Embryology, ed. 4, Philadelphia, W. B. Saunders Company, 1940, 
p. 76. 

17. Arey, L. B.: Developmental Anatomy;.A Textbook and Laboratory 
Manual of Embryology, ed. 4, Philadelphia, W. B. Saunders Company, 1940, 

18. Retzius, G.: Zur Kenntniss des centralen Nervensystems von Amphioxus 
lanceolatus, Biol. Untersuch., Stockholm (n. f.) 2:29, 1891. 
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migrate out along the root toward the periphery under the influence of 
neurobiotaxis (Ariéns Kappers and associates *®). The central nervous 
system of the adult Amphioxus consists of two basic elements—the nerve 
cells and the supportive ependymal glia. The latter may be said to con- 
stitute the intrinsic supportive component of its central nervous system, 
since the cell bodies of the ependymal cells line the central canal and their 
processes extend through the radius of the spinal cord to the enveloping 
meninges. Such a primitive intrinsic supportive structure may be seen 
in the human adult at the anterior fissure of the spinal cord. There are 
no astrocytes, oligocytes or myelin in the nervous system of Amphioxus, 
and these elements may be looked on as modified or accessory intrinsic 
supportive structures. In neurofibromatosis multiple foci of hyperplasia 
and neoplasia of these intrinsic supportive structures constitute the 
essential alterations within the substance of the central nervous system. 


NEUROGLIA 


Gliomas.—Hyperplasia and neoplasia of the neuroglia are constant 
features of the so-called central type of neurofibromatosis. The reports 
of Kernohan and Parker," Penfield and Young,’® Foerster and Gagel,’* 
Bielschowsky and Rose '* and Henneberg and Koch, as well as many 
others, have already been referred to. Astrocytomas, spongioblastomas 
and ependymomas constitute the commonest neoplasms. In case 2, the 
multiple intramedullary spinal neoplasms were ependymomas, while the 
cerebellar neoplasm was an astrocytoma. In the brain stem, solid, 
avascular or poorly vascularized tumors composed of polar spongioblasts 
are not infrequent. The spindle-shaped feature of the nuclei has led to 
the designation of central neurinoma for such lesions complicating, or 
occurring as a part of, neurofibromatosis. The term neurinoma, however, 
should be retained for the connective tissue type of neoplasm con- 
taining reticulin fibrils, and not for polar spongioblastoma. Angioneuro- 
matosis, or excessive numbers of myelinated and nonmyelinated nerves 
on the intramedullary spinal blood vessels and the blood vessels of the pia 
mater, occurs in neurofibromatosis and has been described by Beck,?° 
Staemmler ** and others, as well as by me (case 2). These formations 
superficially resemble small neurofibromas. Astrocytomas and spongio- 


19. Ariéns Kappers, C. U.; Huber, G. C., and Crosby, E. C.: The Compara- 
tive Anatomy of the Nervous System of Vertebrates, Including Man, New York, 
The Macmillan Co., 1936, vol. 1, p. 142. 

20. Beck, E.: Zwei Falle von Neurofibromatose mit Befallensein des Zen- 
tralnervensystems, Ztschr. f. d. ges. Neurol. u. Psychiat. 164:748, 1939. 

21. Staemmler, M.: Beitrage zur normalen und pathologischen Anatomie 
des Riickenmarks: III. Diffuse Angioneuromatose des Lendenmarks und seiner 
Pia, Ztschr. f. d. ges. Neurol. u. Psychiat. 166:529, 1939. 
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blastomas of the optic nerves, the optic chiasm and the optic tracts 
with associated involvement of the hypothalamus have also been described 
in classic instances of neurofibromatosis. In an extensive review and 
personal study of the subject, Davis ** concluded that primary tumors of 
the optic nerves appear as one of two types—glioma and endothelioma. 
Proliferation of the arachnoid sheath accompanies most of the gliomatous 
tumors of the optic nerve, and this appears to be a secondary or reactive 
process; but proliferation of the sheath (primary endothelioma of the 
optic nerve) may occur independently. Thus, both the intrinsic (glial) 
and the extrinsic (meningeal) supportive elements may be hyperplastic, 
or even neoplastic. 

Neuroglial Rests—Hyperplasia of neuroglia in the form of nests of 
atypical neuroglial cells has been described by Bielschowsky ** and others. 
Such nests are observed in almost all instances of central neurofibroma- 
tosis if a diligent search is made. The nuclei are generally large and 
hyperchromatic, and many are kidney shaped. Such nests are generally 
found in the cerebral cortex (Bielschowsky,?* Henneberg and Koch ** 
and others), and Foerster and Gagel '* reported large numbers of such 
elements in the inner half of the internal capsule. The presence of such 
large nests of nucleated neuroglial cells in the white substance of the 
spinal cord was a striking feature. 

Marginal Glia—Hyperplasia of the marginal neuroglia was also more 
marked in case 2 than in any other I have observed. At many levels of 
the spinal cord a dense zone of deeply nucleated cells was seen in the 
subpial zone, reminiscent of the external granular layer of the cerebellum 
(Obersteiner) in infants. Since the marginal neuroglia constitutes an 
important intrinsic supportive component of the central nervous system, 
this hyperplasia can be considered part of the histologic picture of neuro- 
fibromatosis, and not an accidental or incidental feature. Hyperplasia 
of the neuroglia in the molecular layer of the cerebellum is not uncommon 
in a related disorder—tuberous sclerosis. Walker ** described a disorder 
which he designated as astrocytosis arachnoideae cerebelli; in this con- 
dition the molecular and Purkinje cell layers of the cerebellar folia were 
rich in fibrillary glia and this neuroglia passed into the overlying 
subarachnoid spaces through defects in the pia mater. So-called glial 
bridges connected the intracortical gliosis with the extensive gliosis in 


22. Bielschowsky, M.: Ueber tuberése Sklerose und ihre Beziehungen zur 
Recklinghausenschen Krankheit, Ztschr. f. d. ges. Neurol. u. Psychiat. 26:133, 
1914. 

23. Walker, A. E.: Astrocytosis Arachnoideae Cerebelli: A Rare Mani- 
festation of von Recklinghausen’s Neurofibromatosis, Arch. Neurol. & Psychiat. 
45:520 (March) 1941. 
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the subarachnoid spaces. Harbitz,** Schairer *° and others described 
similar gliomatosis of the subarachnoid spaces in neurofibromatosis. 
In most instances of glioma of the optic nerve, the neuroglia penetrates 
the enveloping pia and extends into the perineurial subarachnoid space. 


MYELIN 


Excessive M yelination.—Bielschowsky and Rose ** called attention to 
the nest and whorls of myelinated fibers in the cerebral cortex (plaques 
fibromyéliniques) associated with neurofibromatosis, and Fischer *° found 
4 instances of myelinated nerve fibers in the retina among 12 cases of 
neurofibromatosis. Myelinated nerve fibers on blood vessels within 
the spinal cord have been seen in neurofibromatosis and in other disorders. 
As such, they are not significant, but excessive myelination may be part 
of the general hyperplasia of the intrinsic supportive elements so strik- 
ingly seen in this disease. 


THE NEURAL CREST 


The neural crest has been the subject of a great deal of embryologic 
study, experimentation and theoretic speculation. Studies in comparative 
anatomy indicate the progressive migration of the cells of origin of the 
dorsal roots from an intramedullary position, in Amphioxus, to an extra- 
medullary position as craniospinal ganglia, in higher vertebrates. It is 
generally agreed that the nerve cells of the craniospinal ganglia and their 
supportive capsule cells arise from the neural crests, but the origin of 
the cells of Schwann, the pigment-forming cells and the anlage of the 
leptomeninx is still problematic. Since these elements have the physical 
features of mesodermal elements, their tissue of origin has been designated 
as ectomesoderm. The zone of origin of the neural crests is a veritable 
embryologist’s no man’s land, for here the developing mesoderm and 
the nonmedullary ectoderm are closely intertwined. 

In the analysis of any structure, its tissue of origin, its physical form 
and its function must be carefully considered. In every instance there is 
a closer correlation between form and function than between form and 
origin; thus, the renal tubules are epithelial and give rise to adenomas 
and carcinomas, despite their clearly mesodermal origin, and the astroglia 
has stromal features despite its ectodermal origin. The experimental 


24. Harbitz, F.: Ueber das gleichzeitige Auftreten multipler Neurofibrome 
und Gliome (Gliomatose), (“periphere und zentrale Neurofibromatose”) auf 
erblicher Grundlage und mit diffuser Verbreitung in den Riickenmarks- und 
Gehirnhauten, Acta path. et microbiol. Scandinav. 9:359, 1932. 

25. Schairer, E.: Ueber Neurofibromatose und ihre Beziehungen zu Gliomen 
und Hirnhernien, Ztschr. f. Krebsforsch. 40:30, 1934. 

26. Fischer, H.: Beitrag zur Recklinghausenchen Krankheit: Missbildungen 
am Auge, besonders die markhaltigen Nervenfasern der Netzhaut, Dermat. 
Ztschr. 42:143, 1925. 
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studies of Harvey and Burr” indicated that the leptomeninx arises 
from the neural crests; its form, nevertheless, is that of connective tissue 
and its function is supportive. Harrison ** found that when the neural 
crests of the tadpole were ablated naked neuraxes appeared in the nearby 
somites, indicating that the cells of the neurolemmal sheaths of Schwann 
were of neural crest origin. Recent studies by Raven *® and by Jones *° 
have indicated that the cells of the neurolemmal sheath of Schwann have 
a double origin from the neural crests and from the neural tube via the 
ventral roots. 


After Oberling’s ** proposal, many French investigators spoke of the 
Schwann cells and the leptomeningeal cells as neurogenic derivatives. 
Thus, Cornil *? and Roussy and Cornil ** described primary leptomenin- 
geal tumors as gliomas, and Lhermitte and Leroux ** and Masson ** 
classified the neurofibromas as peripheral gliomas. Since the form of a 
tissue is more closely related to its function than to its tissue of origin, to 
designate meningiomas and neurofibromas as gliomas serves only to 
confuse the issue. Harvey and Burr?’ proposed the generic term 
“neuralophoma” for tumors whose cells of origin were derived from the 
neural crest, but this term has not enjoyed wide usage. Since the capsule 
cells are believed to be definitely of neural origin and the Schwann cells 
are presumably of neural origin, these tumors can be considered as 
belonging to the intrinsic supportive structures of the peripheral nervous 
system. The leptomeninx, on the other hand, may be designated as the 
extrinsic supportive structure of the central nervous system. In neuro- 


27. Harvey, S. C., and Burr, H. S.: The Development of the Meninges, 
Arch. Neurol. & Psychiat. 15:545 (May) 1926: Tr. Am. Neurol. A., 1925, 
pp. 72-94. 

28. Harrison, R. G.: Further Experiments on the Development of Peripheral 
Nerves, Am. J. Anat. 5:121, 1906. 

29. Raven, C. P.: Experiments on the Origin of Sheath Cells and Sympa- 
thetic Neuroblasts in Amphibia, J. Comp. Neurol. 67:221, 1937. 

30. Jones, D. S.: Studies on the Origin of Sheath Cells and Sympathetic 
Ganglia in the Chick, Anat. Rec. 73:343, 1939; Further Studies on the Origin 
of the Sympathetic Ganglia in the Chick Embryo, ibid. 79:7, 1941. 

31. Oberling, C.: Les tumeurs des meninges, Bull. Assoc. frang., p. l’étude 
du cancer 11:365, 1922. 

32. Cornil, L.: Essai de classification des tumeurs neuro-ectodermiques 
primitives de la moelle épiniére, des racines et de leurs enveloppes, Bull. Acad. 
de méd., Paris 110:307, 1933. 

33. Roussy, G., and Cornil, L.: Les tumeurs méningées, Ann. d’anat. path. 
2:63, 1925. 

34. Lhermitte, and Leroux, R.: Gliomes typiques et atypiques des nerfs 
périphériques: A propos de trois tumeurs des nerfs médian et cubital avec une 
planche en couleur, Bull. Assoc. frang p. l’étude du cancer 9:112, 1920. 

35. Masson, P.: Experimental and Spontaneous Schwannomas (Peripheral 
Gliomas), Am. J. Path. 8:367 and 389, 1932. 
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fibromatosis, the presence of foci of hyperplasia and neoplasia of both the 
intrinsic and the extrinsic supportive tissues is the rule. 


Meningiomas.—Multiple meningioma is common in the so-called 
central form of neurofibromatosis. Cushing,** in his work on the acoustic 
neurinoma, noted the association of bilateral tumors and meningiomas. 
These meningiomas are generally rich in psammoma bodies; they are 
usually attached to the inner aspect of the dura mater, and they frequently 
occur in the choroid plexuses, where they lead to calcifications that may be 
seen roentgenographically. The majority of dural neoplasms, par- 
ticularly the meningothelioma and the psammoma, are believed to arise 
from arachnoid cell rests in the dura mater, and on this basis are lepto- 
meningeal in origin. Focal areas of hyperplasia in the cerebrospinal 
arachnoid and fibromas of the pia mater are also manifestations of 
hyperplasia and neoplasia of the extrinsic supportive component of the 
central nervous system. 

Changes in the Cerebrospinal Ganglia.—Proliferation of the capsule 
cells of the cerebrospinal ganglia, the intrinsic supportive structure, 
and of the connective tissue septums within, and of the capsule surround- 
ing the ganglia, the extrinsic supportive structure, has also been observed. 
In the studies of changes in the nervous system in neurofibromatosis by 
Kernohan and Parker and by Henneberg and Koch," proliferation 
of capsule cells of the spinal ganglia is described by the former and 
fibrosis of the capsule by the latter. In other instances of neurofibro- 
matosis which I have studied similar proliferations were observed. 
Whether such changes are secondary to massive neurinomatosis of the 
adjacent nerves and nerve roots, or whether they represent a primary 
proliferative manifestation of the disease can be decided only by more 
detailed study. From my observations, it appears that primary pro- 
liferation of both the intrinsic and the extrinsic supportive structures 
of the cerebrospinal ganglia does occur. 

Tumors of the Nerves.—Boyd’s ** comment on the tumors of nerves, 
that they “. . . form a remarkably confusing and complex subject regarding 
which a large amount might be said without adding very much to the 
reader’s knowledge,” can be aptly applied at this point. Whether such 
tumors arise from Schwann cells, a theory championed by the French 
school (Masson,** Verocay,** Antoni *® and others), or from connective 


36. Cushing, H.: Tumors of the Nervus Acusticus and the Syndrome of 
the Cerebellopontile Angle, Philadelphia, W. B. Saunders Company, 1917. 

37. Boyd, W.: A Textbook of Pathology: An Introduction to Medicine, ed. 
3, Philadelphia, Lea & Febiger, 1938, p. 961. 

38. Verocay, J.: Zur Kenntnis der Neurofibrome, Beitr. z. path. Anat. u. z. 
allg. Path. 48:1, 1910. 

39. Antoni, N. R. E.: Ueber Riickenmarkstumoren und Neurofibrome: 
Studien zur pathologischen Anatomie und Embryogenese (mit einem klinischen 
Anhang), Munich, J. F. Bergmann, 1920. 
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tissue cells, as asserted by Penfield *° and others, cannot be decided 
to everyone’s satisfaction by animal experiments or by histologic study 
of the tissue. As stated earlier, the Schwann cells are now not believed 
to be exclusively of neural crest origin, some of them arising from the 
neural tube via the anterior roots. These tumors have been variously 
designated as neurinoma, schwannoma, fibroblastoma, perineurial fibro- 
blastoma and neurofibroma. Malignant transformation is not uncommon, 
and the resultant neoplasm is termed a neurogenic sarcoma. The 
Schwann cell and the myelin may be said to constitute the intrinsic 
supportive structures of the nerves, while the connective tissue elements 
of the endoneurium, perineurium and epineurium constitute the extrinsic 
supportive structures. Since both intrinsic and extrinsic supportive 
elements proliferate in the brain in neurofibromatosis of the central type, 
there is a strong possibility that both proliferate in the peripheral type. 
Whether this occurs in all instances cannot be certain with present 
methods of analysis. 

Bony Changes.—Defects in the bony structures, such as scoliosis, 
deformities of the long bones, focal areas of sclerosis and cystic disease, 
probably arise, directly or indirectly, from involvement of the nerves. 

Choroidal Changes.—The choroid coat of the eye is a supportive 
and protective layer of the retina, and it is comparable to the leptomeninx. 
In some instances of neurofibromatosis, both the choroid and the ciliary 
body are diffusely thickened and very cellular (Duke-Elder **). 

Changes in the Integument.—Pigmentary Component: A character- 
istic cutaneous feature of neurofibromatosis is the pigmented patches. 
Not only may they be present at birth, but they increase in size and in 
number during pregnancy and intercurrent disease. There have been 
two schools of thought concerning the origin of the pigment in the skin, 
namely, (1) the theory of intrinsic, or epidermal, origin, and (2) the 
theory of extrinsic origin. DuShane ** has recently traced the develop- 
ment of the concept that the vertebrate pigment cells arise from the 
neural crest and from this site migrate into the nerves, the choroid coat of 
the eye, the leptomeninx and the skin. The pigmentary deposits seen in 
neurofibromatosis serve as a link between it and another neurocutaneous 
disorder, which may be designated cutaneous-leptomeningeal melano- 
matosis. 


40. Penfield, W.: The Encapsulated Tumors of the Nervous System: 
Meningeal Fibroblastomata, Perineurial Fibroblastomata and Neurofibromata 
of von Recklinghausen, Surg., Gynec. & Obst. 45:178, 1927. 

41. Duke-Elder, W. S.: Diseases of the Inner Eye, in Text-Book of Ophthal- 
mology, St. Louis, C. V. Mosby Company, 1941, vol. 3, p. 2466. 

42. DuShane, G. P.: The Embryology of Vertebrate Pigment Cells: II. 
Birds, Quart. Rev. Biol. 19:98, 1944. 
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Fibrous Component: The subepithelial tumors of the integument 
found in neurofibromatosis are histologically simple fibromas, since they 
do not exhibit the characteristic features of a neurofibroma. Plexiform 
neurinomas and plexiform neuromas also occur, the former being a 
neurofibroma and the latter a manifestation of overgrowth of the neural 
elements of the nerves. 


VASCULAR COMPONENT 


The association of vascular nevi of the skin with pigmented nevi is so 
common that the relationship is probably more than accidental. Many 
of the lesions seen in neurofibromatosis are excessively vascular, and at 
times independent vascular anomalies are noted. From time to time 
there is encountered an acoustic neurinoma of such vascularity that its 
removal is virtually impossible. Penfield and Young '° called attention 
to the remarkable areas of hyperplasia of the blood vessels in the brain 
in their case of neurofibromatosis, adding that the lesion might almost 
be called a hemangioma. Foerster and Gagel '* described an angiomatous 
formation in the external capsule in their case of neurofibromatosis. 
In case 2, a circumscribed accumulation of thick-walled blood vessels was 
seen in the dorsal columns. Vascular hyperplasia also occurs in many 
of the lesions of the central nervous system of a closely related disorder 
—tuberous sclerosis. Many cutaneous vascular. nevi have such a meta- 
meric or radicular distribution that some direct relationship between 
the nervous system and the skin can be postulated. The occurrence of 
vascular nevi in the skin, in the mucous membranes of the oral and nasal 
cavities, in the choroid coat of the eye and in the leptomeninx, as in 
nevoid amentia (Sturge-Weber-Dimitri disease), seems to indicate that 
the nutritive (vascular) component of the ectoderm may undergo multi- 
centric areas of hyperplasia. The vascular anomalies seen in neuro- 
fibromatosis serve as a link between it and the neurocutaneous vascular 
disorders, as exemplified by Sturge-Weber-Dimitri disease. 


PARENCHYMATOUS COMPONENT 


Although the basic lesions in neurofibromatosis are foci of hyperplasia 
and neoplasia of the supportive derivatives of the ectoderm, to which may 
be added foci of hyperplasia of vascular tissue, parenchymatous elements 
are also affected. In its closely related disease, tuberous sclerosis, many 
of the neuroglial foci in the cerebral cortex contain giant ganglion cells. 
as well as abnormal neuroglial cells. The association of tumors of the 
chromaffin system with neurofibromatosis is uncommon. The disease 
represents, however, a form of hyperplasia of parenchymatous elements 
derived from the neurectoderm. An abnormal increase in the number 
of nerve fibers, both myelinated and nonmyelinated, which generally occur 
on blood vessels, and which has been termed angioneuromatosis, is 
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another uncommon feature of neurofibromatosis. This condition was 
described by Beck,?° Staemmler ** and others and was observed in my 
second case. 

CLASSIFICATION 


Any classification of neurofibromatosis must include three aspects of 
the lesions, namely, their type, number and location. The disease is so 
variable, however, that classification is virtually impossible, but certain 
important features must be recognized. In the universal form, cutaneous 
lesions, tumors in the central and peripheral nervous systems and bony 
changes are evident. In the classic form, cutaneous lesions and neuro- 
fibromas of the peripheral nerves occur with or without bony lesions. 
Careful study of the central nervous system in such instances, however, 
generally reveals microscopic evidence of disease. In the central form, 
no superficial evidence of the disease may be discernible, that is, the 
skin may be free of pigmented patches or fibromas, and the superficial 
nerves and the nerve trunks may show no focal or diffuse thickenings. 
The nervous system, however, may show multiple intracranial and 
intraspinal foci of hyperplasia and neoplasia. In the central form, 
bilateral acoustic neurinomas generally associated with meningiomas of 
the dura mater occur. Gliomas of the optic nerves combined with 
spongioblastomas of the brain stem and other combinations are frequent. 
In the discussion of the report of hereditary deafness in five generations 
resulting from bilateral acoustic neurinoma by Gardner and Frazier,** 
the senior author called attention to the fact that cutaneous signs of the 
disorder were strikingly absent. The disease abounds in abortive types, 
or formes frustes, chief among which are isolated café au lait patches. 
pigmentary dermofibromatosis and hypertrophy of portions of the body. 
All the lesions observed in neurofibromatosis may occur as isolated 
hyperplasias or tumors, and one is probably ‘not justified in making a 
diagnosis of a major disorder from the observation of an isolated lesion. 

The relationship of neurofibromatosis to the other neurocutaneous 
syndromes is an interesting chapter in pathology, but too vast a subject 
for this work. 


SCHEMA OF NEUROFIBROMATOSIS 


Central nervous system 
Intrinsic supportive tissues 
Neuroglia 
Neuroglial hyperplasia and neoplasia 
Neuroglial cell rests 
Ependymal cell hyperplasia 


43. Gardner, W. J., and Frazier, C. H.: Bilateral Acoustic Neurofibromas: 
A Clinical Study and Field Survey of a Family of Five Generations with Bilateral 
Deafness in the Thirty-Eight Members, Arch. Neurol. & Psychiat. 23:266 
(Feb.) 1930. 
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Hyperplastic marginal glia 
Astrocytosis arachnoideae cerebelli 
Gliomas 
Astrocytoma 
Ependymoma 
Spongioblastoma 
Myelin 
Excessive myelination 
Plaques fibromyéliniques 
Extrinsic supportive tissues 
Meninges 
Meningiomas of inner aspect of dura mater 
Mesotheliomas and psammomas of arachnoid membrane 
Meningiomas of choroid plexus 
Fibromas of pia mater 
Optic nerve, chiasm and tracts 
Intrinsic supportive tissues 
Neuroglia 
Astrocytomas and spongioblastomas. 
Myelin 


? _— tumors of the optic nerve 
Extrinsic supportive tissues 
Meningiomas of sheaths. 


Retina 
Intrinsic supportive tissues 
Neuroglia 
Lesions similar to those found in tuberous sclerosis (rare) 
Myelin 
Myelinated nerve fibers (rare) 
Extrinsic supportive tissues and its derivatives 
Choroid coat and ciliary body 
Diffuse thickening of choroid and ciliary body 
Cerebrospinal ganglia 
Intrinsic supportive tissue 
Capsule cells 
Hyperplasia of capsule cells 
Extrinsic supportive tissue 
Connective tissue 
Fibrosis 
Nerves and their roots 
Intrinsic supportive tissue 
Neurolemmal sheaths of Schwann 
Hyperplasia and neoplasia of sheath cells (?) 


Myelin Neurinoma 
? Schwannoma 
Extrinsic supportive tissues Neurofibroma 
Connective tissue Perineurial 
Hyperplasia of connective tissues (?) fibroblastoma 


Lamellated (pacinian) corpuscles 
Hyperplasia of corpuscles (?) 


ve 


LICHTENSTEIN—NEUROFIBROMATOSIS 839 


Integument 
Intrinsic supportive tissue 
Pigmented basal layer of epidermis 
Source of pigment from neural crests (?) 
Café au lait patches 
Extrinsic supportive tissue 
Pigmented cells 
Hyperplasia of subepithelial melanoblasts 
Connective tissue 
Subepithelial fibroma 
Vascular component 
Foci of vascular hyperplasia in the brain or spinal cord 
Angiomatous glioma 
Vascular neurinoma 
Vascular nevus in the integument 


Ectodermal parenchymatous component 


Pheochromocytoma of adrenal gland (rare) 
Angioneuromatosis (see text) 


SUMMARY AND CONCLUSIONS 


A schema of the common manifestations of von Recklinghausen’s 
neurofibromatosis is presented. 

The basic lesions are multiple foci of hyperplasia and neoplasia of 
the supportive or protective derivatives of the ectoderm. 

The neuroglia, myelin, meninges, capsule cells and connective tissue 
of the cerebrospinal ganglia, the supportive tissue of the nerves and the 
protective and supportive tissue of the epidermis participate in ‘the 
disease process. 

The basic tissue is not exclusively of neural crest origin or of con- 
nective tissue origin, as would be indicated by certain discussions in the 
literature. 

To the protective and supportive elements is frequently added a 
vascular component, which may occur as independent vascular lesions 
or as vascularized supportive lesions. 

Hyperplasia and tumor formation of parenchymatous elements occur 
rarely and are chiefly in the form of chromaffin tumors of the adrenal 
glands and hyperplastic nerve bundles (neuromatosis). 

Neurofibromatosis is related to the other neurocutaneous disorders. 


912 South Wood Street (12). 
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AGENESIS OF THE CORPUS CALLOSUM 
An Electroencephalographic Study 


J. G. CHUSID, M.D. 
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ERIE, PA. 


 aseaga the first demonstrations of the diagnostic potentialities of 
air studies of the ventricular system in patients with agenesis of 
the corpus callosum,’ an increasing number of cases of this condition 
have been recognized clinically. The existence of this entity in persons 
leading a relatively normal existence, as well as in patients with severe 
clinical signs and symptoms, has been noted,” and the need of a function- 
ing corpus callosum in the normal economy has therefore been questioned. 
Electroencephalography offers a method for study of such cases from 
a physiologic, as well as a diagnostic, standpoint, and the use of this 
method in conjunction with other, definitive technics may reveal a more 
complete picture of the activities of the corpus callosum in man. Publi- 
cations on agenesis of the corpus callosum have rarely included electro- 
encephalographic studies, hence this case, with a review of other 
reported cases, is presented. 


REPORT OF A CASE 


History.—The patient, a 22 year old man, had had two convulsions. On 
Feb. 1, 1945, after attending a motion picture theater, he walked approximately 
one and a half blocks, when, without warning, he lost consciousness. Details of 
the episode could not be ascertained beyond the statement that all extremities 
were involved in clonic movements. On March 2, 1945, while sweeping, he 
had another such attack. On neither occasion did he injure himself, bite his 
tongue or lose control of the bladder or bowel sphincters. Frontal headaches, 
although present since childhood, became more frequent and severer after the 
first convulsive attack. 


From the Neurological Division, St. Vincent’s Hospital (11). 

1. Davidoff, L. M., and Dyke, C. G.: Agenesis of the Corpus Callosum: 
Its Recognition by Encephalography; Report of Three Cases, Am. J. Roentgenol. 
32:1-10, 1934. Penfield, W., and Hyndman, O. R.: Agenesis of the Corpus 
Callosum with Discussion of Ventriculograms in Two Living Cases, Tr. Am. 
Neurol. A. 60:182-184, 1934. 

2. Bruce, A.: On the Absence of the Corpus Callosum in the Human Brain, 
with the Description of a New Case, Brain 12:171-190, 1890. 
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He stated that he had long been aware that the right upper extremity was 
not as strong or as large as the left. Ineptness in ordinary activities, as well 
as in military training activities, had frequently been embarrassing to him. His 
mother stated that he had been born without difficulty after a full term, normal 
pregnancy. He was retarded in development and is said to have been the only 
one of 6 children so affected. He first walked at the age of 20 months, at which 
time it was thought that he had difficulty in control of the right lower extremity. 
He had repeated difficulties with his school studies, and after reaching the eighth 
grade, at the age of 16 years, he withdrew from school to begin work as a farmer. 

Neurologic Examination.—The right upper extremity was weaker and smaller 
than the left. The biceps and quadriceps reflexes were hyperactive on the right, 
and an extensor plantar reflex was present bilaterally, being more active on the 
right side than on the left. Over the right half of the body there was slight 
impairment of the ability to perceive pinprick, light touch, vibration, position, 
form and number writing. Rapidly alternating movements of the right hand 


Fig. 1.—Ventriculogram: Anteroposterior view showing the enlarged ventricular 
system with wide separation between the lateral ventricles. 


were performed poorly, and the patient could not maintain his balance with the 
feet placed in tandem position. The optic fundi were not remarkable except for 
hyperemia of the disks and mild blurring of the inferior margin of the right 
disk. Pes cavus deformities of a mild degree were present bilaterally. 

Diagnostic Studies—The visual fields were normal. Psychometric evaluation 
disclosed an intelligence quotient of 89 and a mental age of 12 years. Low 
scores on object assembly and picture completion tests were interpreted as indi- 
cating disturbances in the visuomotor sphere and in conceptual thinking. 

A pneumoencephalographic study was performed, with replacement of 350 
ce. of cerebrospinal fluid by air. Considerable dilatation of the left ventricle 
and the posterior portion of the right ventricle was obvious, the lateral ventri- 
cles being more widely separated than normal. Ventriculographic examination 
through a burr hole in the right parieto-occipital region revealed clear cere- 
brospinal fluid under normal pressure, and the fluid was replaced by 120 cc. of 
air. Wide separation of the ventricles with great dilatation of the left ventricle 
and the posterior portion of the right ventricle was again evident (fig. 1). 
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Electroencephalograms were made using a three and a four channel Grass 
machine with monopolar and bipolar recording technics and with the patient 
supine in bed in a darkened, shielded room. Hyperventilation for a three minute 
period was carried out routinely. Electroencephalograms showed an alpha 
activity with a frequency ranging from 8% to 11 cycles per second, centering at 
9 cycles per second, and with an average maximum occipital amplitude of 70 micro- 
volts. Frequent bursts of 3 to 4 per second waves of 150 microvolt amplitude, 
lasting as long as fifteen to twenty seconds, recurred constantly over the left 
parieto-occipital area. These wave forms were promptly obliterated when the 
eyes were opened. During hyperventilation, this 3 to 4 per second activity was 
present almost continuously. Over the right occipital area there were occasional 
periods lasting one-half second during which 4 to 5 per second waves of 70 to 80 
microvolt amplitude occurred, and over both precentral areas there were frequent 
trains of synchronous 7 per second waves of 70 microvolt amplitude lasting one- 
half second. 

When alpha activity was present over both occipital areas, the electroenceph- 
alograms of both cerebral hemispheres frequently appeared normal (fig. 2, 
tracing 1). There were periods, however, when the slow, high amplitude waves 
appeared over the left parieto-occipital area while the right occipital area 
showed normal-appearing alpha activity, so that there appeared to be prominent 
focal changes (fig. 2, tracing 2). This difference between the posterior por- 
tions of the cerebral hemispheres was accentuated by hyperventilation. When 
the eyes were opened for periods up to ninety seconds, the slow, high amplitude 
activity did not appear in the record. When the eyes were closed after such 
a period, the 3 to 4 per second waves promptly reappeared. 


Operative Observations—An exploratory operation was performed on May 
9, 1945, through a bone flap in the left frontoparietal area. A large cyst, the 
surface of which was paper thin, was found at the posterior inferior margin of 
the bone flap. The left ventricle was tapped and considerable cerebrospinal 
fluid released, facilitating retraction of the left cerebral hemisphere from the 
falx. A small cystic area, measuring 2 by 1 cm., presented on the medial portion 
of the left hemisphere just anterior to the central fissure; this was continuous 
with the ventricular system. The corpus callosum was not recognized as such, 
but in its place was a paper-thin membrane, which, when incised near the site 
of the genu of the normal corpus callosum, opened into a large, widely dilated 
third ventricle. No septum pellucidum was to be seen. Microscopic examination 
of a small piece of the membrane which connected the two hemispheres, instead 
of a corpus callosum, revealed a few fibres of scar tissue. 

Additional Studies—No significant change in the electroencephalographic pat- 
tern of our patient followed operation. We were able to obtain electroencephalo- 
grams from his sister, aged 17, and his mother, aged 53. Neither of these 
relatives gave any history of seizures or complaints similar to those of the patient. 
They considered themselves to be in good health. 

The sister’s record showed alpha activity ranging from 8 to 11% cycles per 
second, with an average maximum occipital amplitude of 60 microvolts. Alpha 
activity was present approximately 25 per cent of the time over the occipital 
areas. There was a considerable amount of 16 per second waves with an ampli- 


3. Davis, P. A.: Technique and Evaluation of the Electroencephalogram, 
J. Neurophysiol. 4:92-114, 1941. 
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No.1 LF N° 


LO 


NO.2 XLO i 2 
AYA 
LO 


xXxRO 


LO 


RO 


XRO -———EYES OPEN 


4 


Fig. 2.—1, electroencephalogram taken during the interval when high amplitude, 
slow activity of the left occipital area was absent. Tracings from the left and 
right homologous areas were recorded simultaneously on a three channel Grass 
machine. 

2, electroencephalogram with prominent continuous slow, high amplitude waves 
in the left occipital area, showing the effect of opening the eyes. The record is 
continuous and reads from left to right. 


L indicates left; R, right; F, frontal; Pc, precentral ; O, occipital, and X, lateral. 
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tude of 30 to 40 microvolts over all areas, but this activity appeared much more 
prominently over the occipital areas. When it occurred in this region, the pattern 
persisted for intervals as long as thirty seconds and was promptly abolished 
when the subject opened her eyes. During a three minute period of hyperventila- 
tion, and for two minutes thereafter, this 16 per second activity was almost con- 
tinuously present. 

The mother’s record showed predominantly alpha activity, ranging from 12% 
to 13%4 cycles per second, with an average maximum occiptal amplitude of 30 
microvolts. Alpha activity was present approximately 10 per cent of the time 
over the occipital areas. There was a considerable amount of 14 to 20 per 
second waves with an amplitude of 10 to 30 microvolts over all areas. Frequent 
short bursts, lasting one-half second, of 16 per second waves with an amplitude of 
20 to 30 microvolts occurred over the occipital and precentral areas. No great 
change in the electroencephalogram occurred during and immediately after three 
minutes of hyperventilation. 


COMMENT 


Electroencephalographic data on patients with agenesis of the corpus 
callosum have been reported in at least 3 previous instances. Derbyshire 
and Evans‘ reported “cerebral dysrhythmia between the two occipital 
poles of the cerebral hemispheres” in their 6 year old patient. They noted 
a normal alpha rhythm with normal distribution and, in addition, delta 
waves of 4 to 3 per second frequency and a maximum amplitude of 50 
microvolts. Bursts of slow waves ranging from 3.7 to 5.3 cycles per 
second (average 4.4 cycles per second) with an amplitude of 60 to 120 
microvolts appeared in well formed trains in the parietal and occipital 
areas, but faded in the frontal areas both in number and in definiteness 
of form. “In general, the frontal lobes were well synchronized most of 
the time, while the occipital areas fell in and out of synchronization.” 

Goldensohn, Clardy and Levine® described in their 12 year old 
patient a striking absence of “synchronism” between the right and the left 
hemisphere, particularly in the occipital region. “Abnormal” waves, less 
than one-seventh second in duration, and with an amplitude of about 
150 microvolts, were present over the l@ft occipital area. With the 
patient’s eyes open, these “abnormal” waves were more prevalent. 
Another electroencephalogram made on this patient was interpreted as 
showing marked irregularity throughout the record, with relative spar- 
ing of the posterior portion of the right hemisphere. 

Bunts and Chaffee * reported in their 39 year old patient “definite 
dysrhythmia in all leads on both sides, more severe on the left.” In the 
monopolar record, corresponding regions of the two sides appeared to be 


4. Derbyshire, A. J., and Evans, W.: A Case of Agenesis of the Corpus 
Callosum: Encephalographic and Electroencephalographic Studies, Harper Hosp. 
Bull. 1:17-22, 1941. 

5. Goldensohn, L. N.; Clardy, E. R., and Levine, K.: Agenesis of the 
Corpus Callosum, J. Nerv. & Ment. Dis. 93:567-580, 1941. 

6. Bunts, A. F., and Chaffee, J. S.: Agenesis of the Corpus Callosum with 
Possible Porencephaly, Arch. Neurol. & Psychiat. 51:35-53 (Jan.) 1944. 
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“synchronized” except for the record taken from the two occipital areas 
with the eyes open. It was felt that in records taken from the same side 
there was little difference in the frontal, precentral and occipital leads. 
Irregular, slow waves (3 to 4 per second) and absence of normal alpha 
activity were described as prominent features. 

The strong probability of associated defects or anomalies of the 
brain in patients with agenesis of the corpus callosum * must temper all 
consideration of the electroencephalograms in such cases. Defects of 
structures other than the corpus callosum may account for both clinical 
and laboratory abnormalities; it would appear, therefore, that a more 
valid interpretation can be made of those cases in which operation 
or autopsy is carried out. The porencephalic cyst formation in the left 
cerebral hemisphere observed at operation in our patient was not demon- 
strable by any of the preoperative air studies. This feature is of con- 
siderable importance, since the slow wave, high amplitude activity so 
prominent in our patient was probably related to the local porencephaly 
rather than to the absence of the corpus callosum itself. The exact 
status of the other 3 patients for whom electroencephalograins have been 
reported could not be fully determined, since there was neither operation 
nor autopsy. 

The presence of periods during which normal-appearing record 
occurred in our case despite the absence of the corpus callosum and 
septum pellucidum with operative confirmation indicates that the presence 
of these structures may not be essential for the normal-appearing 
electroencephalogram. In view of the well established capacity of 
the corpus callosum to transmit electrical impulses from one cerebral 
hemisphere to the other,’ this may mean only that the corpus cal- 
losum is not the sole or primary structure which integrates inter- 
hemispheric electrical activity. This interpretation is in agreement with 
other laboratory and clinical studies which indicate that division of the 
corpus callosum need not significantly alter motor activity,’ abnormal 
clinical features ° or the “spike and dome” complexes usually associated 


with minor epilepsy."° 


7. Curtis, H. J.: Intercortical Connections of Corpus Callosum As _ Indi- 
cated by Evoked Potentials, J. Neurophysiol. 3:407-413, 1940. McCulloch, W. S., 
and Garol, H. W.: Cortical Origin and Distribution of Corpus Callosum and 
Anterior Commissure in the Monkey, ibid. 4:555-563, 1941. 

8. Kennard, M. A., and Watts, J. W.: The Effect of Section of the Corpus 
Callosum on the Motor Performance of Monkeys, J. Nerv. & Ment. Dis. 79:159- 
169, 1934. 

9. Van Wagenen, W. P., and Herren, R. Y.: Surgical Division of Commis- 
sural Pathways in the Corpus Callosum, Arch. Neurol. & Psychiat. 44:740- 
759 (Oct.) 1940. 

10. Hursch, J. B.: Origin of the Spike and Wave Pattern of Petit Mal 
Epilepsy, Arch. Neurol. & Psychiat. 58:274-283 (April) 1945. 
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The fact that the slow, high amplitude waves in our case were 
promptly obliterated by the patient’s opening his eyes and that they never 
recurred while the eyes remained open presumably indicates the modi- 
fying effect of retinal stimulation on the electroencephalogram of the 
posterior portions of the cerebral hemispheres. Since the studies of 
Walker and his associates indicate that “photic driving” represents a 
low order of cortical activity, the effectiveness of opening the eyes in 
obliterating the slow, high amplitude activity, despite the existence of 
porencephalic cysts in the posterior portion of the left cerebral hemi- 
sphere and the absence of the corpus callosum, is noteworthy. 

Although King and Keeler reported familial agenesis of the corpus 
callosum in a strain of house mice,” similar familial incidence in man has 
not been described, to our knowledge. The pattern of electrical activity 
in the sister’s electroencephalogram was considered unusual because of 
the prominent 16 per second activity, which was promptly obliterated by 
opening the eyes and accentuated by hyperventilation. However, since 
further study of the sister was not possible, it is not known whether 
she, too, has a defect of the corpus callosum or porencephaly. 


CONCLUSIONS 


Electroencephalograms were made on a man aged 22 with absence of 
the corpus callosum and septum pellucidum confirmed at operation 
and with associated porencephalic cysts of the left cerebral hemisphere. 
In general, the electroencephalograms were characterized chiefly by the 
presence of slow, high amplitude waves over the posterior portion of the 
left cerebral hemisphere. This slow wave activity was promptly 
obliterated by his opening his eyes and was accentuated by hyperventi- 
lation. 

The presence at intervals of a normal-appearing record indicates 
that the corpus callosum may not always be necessary for integration of 
electrical activity as judged by the electroencephalogram. 

The presence of associated neural defects must be considered in 
evaluating the electroencephalogram of patients with agenesis of the 
corpus callosum. In our patient, porencephalic cysts were present in 
the area where slow, high amplitude waves were most prominent. 

Review of the data from this case and from 3 other reported cases, 
disclosed that slow, high amplitude waves, most prominent over the 
occipital areas, were prone to occur. Sometimes the electrical patterns 
of the cerebral hemispheres appeared normal, although periodic “asyn- 
chrony,” especially of the occipital areas, has been reported. 


St. Vincent’s Hospital (11). 


11. Woolf, J. I.; Walker, A. E.; Knox, G. W., and Halstead, W. C.: The 
Effect of Lesions of the Visual System on Photic Driving, J. Neuropath. & 
Exper. Neurol. 4:59-67, 1945. 

12. King, L. S., and Keeler, C. E.: Absence of Corpus Callosum: A Heredi- 
tary Brain Anomaly of the House Mouse, Proc. Nat. Acad. Sc. 18:525, 1932. 
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HEN the subject of ventricular and spinal implantations of brain 

tumors is presented, one generally focuses one’s attention on the 
medulloblastoma. This is comprehensible in view of Nelson’s* estima- 
tion that implantation is associated with 25 to 50 per cent of medullo- 
blastomas. However, implants have been found with practically every 
type of glioma. Polmeteer and Kernohan® studied 42 cases in which 
implants of gliomas were present. Of these 42 cases, the implants 
were associated with medulloblastoma in 47.6 per cent, with glioblastoma 
multiforme (astrocytoma, grades 3 and 4) in 14.3 per cent, with 
ependymoma (grade 1) in 11.9 per cent, with oligodendroglioma (grade 
1) in 11.9 per cent, with astrocytoma (grade 1) in 7.1 per cent, with 
retinoblastoma in 4.8 per cent and with pinealoma in 2.4 per cent. In 
this paper we wish to emphasize the relatively high incidence of implan- . 
tations in cases of ependymoma. 

Spiller * in 1907 gave one of the earliest, if not the first, report of 
subarachnoidal implantation in cases of ependymoma. Since his report, 
implantation in other cases has been described by Gordinier and Sawyer * 
(1911), by Cairns and Russell*® (1931), by Tarlov ® (1937), by Dyke 


From the Section on Neurosurgery (Dr. Svien) and the Section on Pathologic 
Anatomy (Dr. Kernohan), Mayo Clinic. 

1. Nelson, A. A.: Metastases of Intracranial Tumors, Am. J. Cancer 28:1-12 
(Sept.) 1936. 

2. Polmeteer, F. E., and Kernohan, J. W.: Meningeal Gliomatosis: A Study 
of Forty-Two Cases, Arch. Neurol. & Psychiat. 57:593-616 (May) 1947. 

3. Spiller, W. G.: Gliomatosis of the Pia and Metastasis of Glioma, J. Nerv. 
& Ment. Dis. 34:297-302 (May) 1907. 

4. Gordinier, H. C., and Sawyer, H. P.: A Case of Multiple Ependymomata 
of the Brain and Spinal Cord with Tabetic Symptoms, J. Nerv. & Ment. Dis. 
$38:719-735 (Dec.) 1911. 

5. Cairns, H., and Russell, D. S.: Intracranial and Spinal Metastases in 
Gliomas of the Brain, Brain 54:377-420 (Dec.) 1931. 

6. Tarlov, I. M.: Effect of Roentgentherapy on Gliomas, Arch. Neurol. & 
Psychiat. 38:513-536 (Sept.) 1937. 
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and Davidoff * (1942) and by Tarlov and Davidoff* (1946). Other 
cases have been reported in the literature as instances of papilloma 
choroideum with ventricular and spinal implants. Kernohan and 
Fletcher-Kernohan® have shown that papilloma choroideum is an 
ependymoma. The cases of papilloma choroideum with implants 
reported in the literature should be included. Reports of such cases 
were collected from the literature by Herren’? in 1941. He reviewed 
the data on 88 cases of “papilloma choroideum” and found that “seed- 
ing” occurred in 20 per cent. When these cases are included with 
ependymoma, the incidence of implantation is increased. 


A true incidence of implantation in cases of glioma can be arrived 
at only by the routine examination of the spinal cord at necropsy. In 
our series of cases, there were 19 instances of intracranial ependymoma 
in which examination of the spinal cord was carried out. In 6 of these 
cases, or 31.6 per cent, there was implantation in the spinal subarachnoid 
space. This figure parallels the incidence of 37.5 per cent reported by 
Tarlov and Davidoff. 


In 7 of the 19 cases of ependymoma studied, the primary neoplasms 
occurred above the tentorium, while in 12 they occurred in the fourth 
ventricle. It was only in those cases in which the tumor arose in the 
fourth ventricle that implantation resulted. In each of the 6 cases in 
which implantation occurred, a “tongue” of tumor tissue projected from 
the fourth ventricle through the cisterna magna into the spinal sub- 
arachnoid space at the level of the foramen magnum, and in some 
instances as far as the second cervical segment. This observation lends 
‘support to the theory that implantation occurs as a result of bathing 
of the tumor tissue by the spinal fluid. It is logical to conclude that 
movement of the head, coughing, sneezing and minor trauma of the 
head could dislodge tumor cells into the spinal fluid. Surgical inter- 
vention has been implicated by many as producing implantation. In 1 
of our cases in which implants were present, no operation had been 
performed. In 2 of the 5 cases in which surgical treatment was carried 
out the time interval (one to seven days) between operation and 
necropsy was thought to be too short to account for the size of the 
implants found. 


7. Dyke, C. G., and Davidoff, L. M.: Roentgen Treatment of Diseases of the 
Nervous System, Philadelphia, Lea & Febiger, 1942. 

8. Tarlov, I. M., and Davidoff, L. M.: Subarachnoid and Ventricular Implants 
in Ependymal and Other Gliomas, J. Neuropath. & Exper. Neurol. 5:213-224 
(July) 1946. 

9. Kernohan, J. W., and Fletcher-Kernohan, E. M.: Ependymomas: Study 
of 109 Cases, A. Research Nerv. & Ment. Dis., Proc. (1935) 16:182-209, 1937. 

10. Herren, R. Y.: Papilloma of the Choroid Plexus, Arch. Surg. 42:758-774 
(April) 1941. 
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Most writers on this subject have expressed the belief that although 
seeding of the ventricles and subarachnoid spaces does occur with more 
slowly growing gliomas, it happens more frequently with the rapidly 
growing gliomas. The data from our study support this contention ; 
in only 1 of our cases was the ependymoma of grade 1 malignancy ; 
in the rest the malignancy was graded as follows: in 1, grade 2; in 2, 
grade 3, and in 2, grade 4. 

Clinically, the implants may or may not produce symptoms. In none 
of our cases was there unequivocal clinical evidence of implants in 
the spinal cord. However, Tarlov and Davidoff and others have reported 
instances in which the implants in the spinal cord were proved to have 
heen responsible for symptoms. Cases have been reported in which 
the primary surgical procedure was directed at the symptoms which 
were proved to have been produced by the implants. 


REPORT OF CASES 


Case 1.—A girl aged 6 years came to the clinic on May 24, 1940, with a history 
of headaches and vomiting for three months. She had also had some diplopia and 
unsteadiness of the hands and feet. There was horizontal nystagmus on right and 
left lateral gaze, with vertical nystagmus on upward gaze. The right and left 
optic disks were edematous and measured 3 and 6 D., respectively. Laboratory 
studies gave normal results. The diagnosis of tumor of the posterior fossa was 
made, and on May 30 a suboccipital craniotomy and decompression was performed. 
The dura was under extreme tension. The cerebellar tonsils were herniated 
through the foramen magnum. A large tumor was observed arising from the 
floor of the fourth ventricle and extending down to the level of the first cervical 
vertebra. The tumor was subtotally excised, and the patient was returned to her 
room. She failed to respond to supportive measures and died on the third post- 
operative day. 

Necropsy revealed nothing remarkable except for the brain. There were pro- 
nounced flattening of the convolutions and narrowing of the sulci. The ventricular 
system was widely dilated. The cerebellar tonsils showed evidence of extreme 
molding by the foramen magnum. Residual tumor tissue was observed in the fourth 
ventricle. A small tumor implant was found in the anterior horn of the left lateral 
ventricle. Examination of the spinal cord showed nothing abnormal except for the 
presence of tumor implants in the subarachnoid space of the cervical portion of 
the cord. 

Microscopic examination of the primary neoplasm established the diagnosis of 
ependymoma grade 3. In the subarachnoid space of the cervical portion of the 
cord, the pia along the lateral columns was invaded by large pleomorphic cells 
with scanty cytoplasm and dark, hyperchromatic nuclei. There was no particular 
pattern of growth other than a tendency of the tumor cells to follow the subarach- 
noid space about the cord without invasion of the cord substance. Mitotic figures 
were rare in the implant. The cells were identical with those of the primary 
growth and were consistent with the diagnosis of ependymoma grade 3 (fig. 1). 


Case 2.—A school girl aged 14 was admitted to the clinic on Aug. 22, 1946. 
Her chief complaints were headaches of six months’ duration; dizziness, nausea, 
vomiting and diplopia for two months, and staggering gait for one month. Just 
prior to her admission all her symptoms became worse and stiffness of the neck 
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developed, with pain on movement. All her symptoms became sufficiently severe 
to confine her to bed. Examination revealed the presence of horizontal nystag- 
mus on lateral gaze; most pronounced toward the right, bilateral paralysis 
of the sixth nerve, and slight ataxia. There was bilateral papilledema 
of 4 to 5 D. The results of laboratory examinations were within normal range. 
The diagnosis of a tumor of the fourth ventricle was made, and on August 26 a 
suboccipital craniotomy and decompression was performed. The cerebellar tonsils 
were herniated through the foramen magnum. On separation of the cerebellar 
tonsils, a large tumor was observed extending from the floor of the fourth ventricle 
down to the !evel of the axis. The tumor was subtotally removed. The patient 
suddenly stopped breathing, and supportive measures failed. 

Necropsy revealed nothing remarkable except for the head and spinal cord. The 
brain showed moderate edema and the effect of increased intracranial pressure, 


Fig. 1—(a) Ependymoma, grade 3, of the fourth ventricle; (b) spinal cord 
implant. Hematoxylin and eosin; < 275. 


manifested by flattening of the convolutions and narrowing of the gyri. The entire 
ventricular system was dilated, with bulging of the third ventricle. The medulla 
oblongata showed evidence of herniation through the foramen magnum. Residual 
tumor tissue was observed arising from the vermis and the floor of the fourth 
ventricle. A tumor implant, measuring 3.0 by 2.5 by 1.5 mm., was attached to the 
floor of the third ventricle. The spinal cord showed tumor implants in the lumbar 
region and the cauda equina. The largest of these measured 1.5 cm. in diameter. 
There was also evidence of invasion of the cord in this region by the tumor implant. 

Microscopic examination of the specimen removed at operation and of the 
residual tumor of the fourth ventricle established the diagnosis of ependymoma 
grade 3. Sections taken from the lumbar portion of the cord showed that about 
half the cord had been replaced by tumor tissue. The neoplastic cells exhibited 
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considerable pleomorphism and variation in staining qualities of their nuclei. 
Hyperchromatic nuclei and mitotic figures were seen in nearly every microscopic 
field. There was little tendency for the cells to arrange themselves into pseudo- 
rosettes. Neighboring sections from the lumbar portion of the cord showed that 
the subarachnoid space was filled with a cuff of neoplastic cells surrounding the 
cord. The implants in the cauda equina were microscopically similar to those of 
the lumbar region. They were consistent with the diagnosis of ependymoma 
grade 3 (fig. 2). 

Case 3.—A woman aged 20 came to the clinic on Feb. 10, 1938, complaining of 
severe headaches. She stated that she had begun to have occipital headaches about 
May 1937. The headaches gradually increased in severity and frequency and soon 
were associated with nausea and vomiting. For two weeks prior to her admission 
to the clinic she had begun to have stiffness and pain in the neck. There was a 
loss of 25 pounds (11.3 Kg.) in nine months. Neurologic examination revealed 
nothing abnormal except for slight nystagmus on right and left lateral gaze. The 
optic disks showed 7 to 8 D. of edema in the right eye and 6 to 7 D. in the left 
eye. The diagnosis of tumor of the fourth ventricle was made, and on February 12 
a suboccipital craniotomy and decompression was performed. A large tumor was 
observed to be attached to the floor of the fourth ventricle and the right posterior 
inferior cerebellar artery. The tumor extended from the fourth ventricle through 
the foramen magnum to the level of the first cervical vertebra. As much of the 
tumor as possible was resected without jeopardizing the life of the patient. The 
patient made an uneventful recovery and was dismissed on the twelfth post- 
operative day. 

She remained in good health, finished college, taught school and married. She 
returned to the clinic in September 1944 because of difficulty in swallowing. 
Neurologic examination revealed a normal status except for slight nystagmus on 
lateral gaze. There was no papilledema. A course of roentgen therapy was given, 
and she was again dismissed as improved. She returned to the clinic for the third 
time on Feb. 2, 1945, seven years after the removal of the primary neoplasm. Her 
complaint at this time was lumbosacral backache with extension of the pain in the 
distribution of the right sciatic nerve. Neurologic examination revealed only slight 
nystagmus on lateral gaze. The optic fundi showed no papilledema. An air myelo- 
gram gave evidence which was interpreted as consistent with a protruded lumbo- 
sacral disk. The total protein content of the spinal fluid was 55 mg. per hundred 
cubic centimeters, and the cell count was 5 lymphocytes per cubic millimeter. The 
Queckenstedt test gave normal results. The presence of an implant was considered, 
as well as that of a protruded disk. A hemilaminectomy was performed on the 
right side on February 28. A typical large protruded intervertebral disk was 
observed and removed. No evidence of an implant was apparent at this time. The 
postoperative course was uneventful, and the patient was dismissed on the ninth 
postoperative day. 

The patient returned again to the clinic on Aug. 17, 1945, complaining of severe 
difficulty in swallowing. She stated that since the laminectomy her backache and 
sciatic pain had been relieved. Examination at this time revealed nothing significant 
except for an increase in the nystagmus on lateral gaze, dysarthria, dysphagia, mild 
ataxia and a slight increase in the tendon reflexes. Papilledema was not present. 
The patient suddenly died of respiratory paralysis during the course of examination 
on the day of her admission to the clinic—seven years and six months after the 
removal of the tumor of the fourth ventricle. 

Necropsy disclosed nothing significant except in the brain and spinal cord. 
The brain was very edematous. The gyri were flattened and the sulci were nar- 
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rowed. There was slight dilatation of the ventricular system. An extensive fleshy 
tumor arose from the floor of the fourth ventricle, extended through the foramens 
of Luschka and Magendie onto the right cerebellar tonsil and covered the dura of 


Fig. 2—(a) Ependymoma, grade 3, of the fourth ventricle, x 215; (b) spinal 
cord implant, x 5; (c) spinal cord implant, « 215. Hematoxylin and eosin. 


the posterior fossa. A portion of the pons was invaded by the tumor. The anterior 
surface of the medulla showed grooving produced by its herniation into the foramen 
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magnum. The cerebellar tonsils extended through the foramen magnum and 
showed evidence of molding from being compressed against the bony rim. The 
spinal cord showed seeding of tumor tissue in the subarachnoid space of the cervical 
part and the cauda equina. The microscopic appearance of tissue from the original 
neoplasm removed surgically in 1938 and of tissue removed at necropsy was con- 
sistent with the diagnosis of ependymoma grade 1. The microscopic sections taken 
from the cervical region showed a small band of ependymoma cells growing in 
pseudorosettes and filling the subarachnoid space. No invasion of the cord had 
taken place. Sections of the cauda equina were similar; tumor cells were growing 
between the roots in the subarachnoid space. The tissue of the implants was iden- 
tical with that of the primary neoplasm, namely, ependymoma grade 1 (fig. 3). 


Fig. 3—(a) Ependymoma, grade 1, of the fourth ventricle; (b) spinal cord 
implant. Hematoxylin and eosin; x 235. 


Case 4.—A white boy aged 4 years was admitted to the clinic on Dec. 17, 1941, 
with a history of headaches, vomiting and staggering on walking of one month’s 
duration. Examination revealed the presence of severe ataxia and dilated pupils, 
which reacted to light and in accommodation. There was mild nystagmus on 
right and left lateral gaze. The optic disks showed bilateral edema of 3 D. The 
neck was stiff. Laboratory studies gave normal values. Roentgenologic examina- 
tion of the head showed changes consistent with increased intracranial pressure. 
The diagnosis of tumor of the posterior fossa was made, and on Dec. 28, 1941 a 
suboccipital craniotomy and decompression was performed. A large tumor was 
observed arising from the floor of the fourth ventricle. The tumor was resected. 
The patient stood the procedure well and improved rapidly until the seventh post- 
operative day, when he suddenly died of a severe gastroduodenal hemcrrhage. 
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Necropsy revealed nothing abnormal except for a deep duodenal ulcer, the 
center of which contained a large eroded artery. There was approximately 1,200 
cc. of blood in the stomach and duodenum. Examination of the brain showed 
pronounced flattening of the convolutions and narrowing of the gyri. The entire 
ventricular system was moderately dilated. No residual tumor tissue was seen 
in the fourth ventricle. The third ventricle contained a small tumor implant. The 
spinal cord was normal except for the presence of a small implant of tumor tissue 
in the lumbar region. The microscopic appearance of the tissue from the implants 
and the primary neoplasm was consistent with that of a grade 4 ependymoma. 


Fig. 4—Spinal cord implant, ependymoma, grade 4. Hematoxylin and eosin; 
x 455. 


Again, the small band of implanted cells observed growing in the subarachnoid 
space of the lumbar region of the cord formed a typical cuff of tumor tissue. No 
evidence of invasion of the cord could be found (fig. 4). 


Case 5.—A white man aged 23, a clerk, since the autumn of 1938 had been 
suffering from throbbing headaches, beginning in the occipital region and extending 
to a spot behind the right eye. The headaches were associated with stiffness of 
the neck and nausea with vomiting. In January 1939 he began to have paresthesias 
of the mouth and the right side of his face. Vision became blurred and was not 
corrected by a change of glasses. Because of the increasing severity of the head- 
aches, the patient came to the clinic on July 26, 1939. Examination showed an 
essentially normal status except for a diminished right corneal reflex, bilaterally 
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symmetric increase in the tendon reflexes and rotary nystagmus on right and left 
lateral gaze. Examination of the ocular fundi revealed 4 D. of papilledema in each 
eye. Laboratory studies gave-normal results except that the roentgenograms of the 
skull showed evidence of increased intracranial pressure. The diagnosis of an 
unlocalized brain tumor was made. On July 31 a ventriculogram localized the 
tumor to the fourth ventricle. 


On August 2 a suboccipital craniotomy and decompression was performed. A 
large ependymoma was observed arising from the floor of the fourth ventricle 
and extending below the level of the second cervical vertebra. Because of the firm 
attachment of the tumor to the medulla, subtotal removal of the neoplasm was 
carried out. The patient withstood the operative procedure well. On the third post- 
operative day the temperature suddenly rose to 105 F. Supportive measures failed, 
and the patient died three days after operation. 


Necropsy revealed two acute ulcers of the duodenum with 3,000 cc. of blood in 
the small bowel. Examination of the brain showed pronounced flattening of the 
convolutions with associated narrowing of the sulci. The ventricular system was 
moderately dilated. There were multiple petechial hemorrhages on the ependymal 
surfaces of the lateral and third ventricles. The cerebellar tonsils were herniated 
through the foramen magnum and showed evidence of molding by the bony rim. 
Tumor tissue was observed arising in the fourth ventricle. The spinal cord was 
normal except for the tumor implants in the cervical and lumbar regions. Micro- 
scopic examination of the tissue revealed a grade 2 ependymoma of the fourth 
ventricle with implants in the lumbar and cervical regions. 


In the cervical region a small cluster of cells with clear pink cytoplasm and 
pale, vesicular, round nuclei arranged in pseudorosettes was observed growing in 
the subarachnoid space. There was no invasion of the cord. In the lumbar area 
in the region of the posterior roots, a large plaque of similar ependymoma cells 
was observed. The pia and arachnoid were heavily infiltrated with neoplastic 
cells. The cord substance was not invaded. It was interesting to note that the 
neoplastic cells showed a tendency to grow as a band about the cord, following 
the vessels of the pias The implants in both the cervical and the lumbar region were 
ependymomas grade 2. 


Case 6.—A white boy aged 3 years was admitted to the clinic on April 12, 
1943, with a history of headaches of six months’ duration, increasing difficulty 
in walking during the last four weeks and inability for three weeks to support 
himself on his feet. Examination revealed severe emaciation, enlargement of the 
head, greatly diminished tendon reflexes, bilateral Babinski reflex and severe weak- 
ness of all muscle groups. There was bilateral papilledema of 5 D. The results 
of laboratory studies were essentially within normal range. Roentgenologic exami- 
nation of the head gave evidence of greatly increased intracranial pressure. The 
diagnosis of tumor of the posterior fossa was made, but since the child was in too 
poor a condition to withstand operation radium therapy was administered to the 
posterior fossa. The child improved rapidly and returned to his home. He returned 
to the clinic for further radium therapy in September 1943. He responded well to 
this course of treatment. He came to the clinic on April 5, 1944, in extremis and 
died on the day of admission in spite of all supportive efforts. 


Necropsy revealed nothing abnormal except for the brain and spinal cord. The 
brain showed evidence of severely increased intracranial pressure. The third 
ventricle hung downward and posteriorly as a thin, fluid-filled sac, approximately 5 
cm. in diameter. The optic chiasm and tracts were tightly stretched over the sac. A 
small, flat tumor was observed arising from the posterior medullary velum of the 
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fourth ventricle. This mass extended downward posteriorly to the inferior portion of 
the vermis as an apron of tumor 4 cm. wide and 0.5 cm. thick. Implants surrounded 
the medulla and extended upward and laterally to. each cerebellopontile angle. 
There was a single implant, which measured 0.5 by 1 cm., in the region of the 
cervical portion of the cord. The microscopic appearance of the tissue from the 
implants and the primary neoplasm was consistent with the diagnosis of a grade 4 
ependymoma. Again, a small cluster of cells growing in the region of the cervical 
portion of the cord formed the typical subarachnoid cuff which was observed in 
the other cases. No invasion of cord substance could be found. 


SUMMARY 


Of 19 cases of ependymoma studied, implants were found in 6, an 
incidence of 31.6 per cent. In none of our 6 cases in which implantation 
occurred did the clinical history suggest the presence of implants. In 
all our cases in which implantation took place, the primary neoplasm 
was located in the fourth ventricle. The age of the implant, as suggested 
by its size, considered with the fact that necropsy was performed in 
most instances within seven days after operation, leads one to suspect 
that operation must play a minor part in the dissemination of these 
tumors in the subarachnoid spaces. In all but 1 case implants were 
confined to the subarachnoid space and showed a tendency to follow 
the vessels of the pia. In our series, implantation in the spinal sub- 
arachnoid spaces occurred most frequently in cases in which the malig- 
nancy of the primary tumor was grade 2, grade 3 or grade 4. 


The Mayo Clinc. 


ANTICONVULSANT ACTIVITIES OF CERTAIN THIAZOLIDONES 
AND HYDANTOINS AS DETERMINED BY ELECTRIC SHOCK 
PROCEDURES IN CATS, RATS AND MICE 


CHARLES R. ENSOR, M.S. 
AND 


GRAHAM CHEN, M.D., Sc.D. 
DETROIT 


iy ANOTHER paper,! a comparison is made of the anticonvul- 
sant activities of antiepileptic drugs by two electric shock methods. 
The order of potency of these compounds was found to be the same when 
tested by the procedure of Putnam and Merritt* in the cat and by 
that of Toman, Swinyard and Goodman ® in the mouse. In the rat, 
the latter procedure gave some compounds a relative potency different 
from that in the other two species of animals. 


In this paper, there will be presented from the standpoint of chemi- 
cal structure and pharmacologic action the anticonvulsant activities of 
three series of compounds: (a) 2-phenyl-3-alkyl-4-thiazolidones and 
their dioxides, (b) 1-alkyl-5-thienylhydantoins and (c) 5,5-di-aryl- 
hydantoins. The results were obtained with the two electric shock 
procedures in cats, rats and mice. These, and the data for some mis-_ 
cellaneous compounds, are analyzed to show the specificity of the two 
methods and the species differences in response in the determination of 
anticonvulsant activity. 


EXPERIMENTAL STUDY 
The chemical structures of the different series of compounds ‘+ are shown in 
the accompanying tables. They were administered perorally to cats by stomach 
tube or orally or intraperitoneally to rats and mice. The anticonvulsant activities 
were determined by the procedures previously noted. 


1. Chen, G., and Ensor, C. R.: Evaluation of Antiepileptic Drugs, Arch. 
Neurol. & Psychiat., to be published. 

2. Putnam, T. J., and Merritt, H. H.: Experimental Determination of the 
Anticonvulsant Properties of Some Phenyl Derivatives, Science 85:525-526, 1937. 

3. Toman, J. E. P.; Swinyard, E. A., and Goodman, L. S.: Properties of 
Maximal Seizures and Their Alteration by Anticonvulsant Drugs and Other 
Agents, J. Neurophysiol. 9:231-240, 1946. 

4. These compounds were made available to us by Dr. L. M. Long and 
Mr. W. R. Coleman, Chemical Division, Research Laboratories, Parke, Davis & 
Company, Detroit. 
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RESULTS AND COMMENT 
In table 1 are given the results of administration of 2-phenyl-3-alkyl- 
4-thiazolidones and their corresponding dioxides. The 3-methyl deriva- 
tive is the most active anticonvulsant and the least toxic compound in 
the series. Activity decreases with the length of the alkyl chain and 
by oxidation into dioxides. The relative activity values obtained by the 
two electric shock procedures in cats, rats and mice are about the same. 


TABLE 1.—Anticonvulsant Activity of 2-Phenyl-3-Substituted-4-Thiazolidone and 
2-Phenyl-3-Substituted-4-T hiazolidone-7-Dioxide in Cats, Rats and Mice 


N- 
| 3 | Cats Rats Mice 
s' 4c =0 PDsot +8.E., PDso +8.E., 
Mg. Mg. Mg. 
per Kg., M.T.D.,t per Kg., M.T.D., per Kg., M.T.D., 
i \ Oral Rating* Oral Oral Oral Oral Oral 
Re cekcxcnsaivees 50 1+ >100 73+ 6 >150 267 + 32 250 
100 4+ 
RENE ae oe 50 1+ <100 146 + 16 >200 375 + 58 400 
100 4+ 
Ee are 100 1+ <100 158 + 20 >200 435 + 45 600 
Bs is viwcctscwesic 100 1+ <100 440 + 45 3800 590 + 56 800 
100 0 >100 1,200 1,200 >1,200 >1,200 
C—N 
Nal 4c-0 
/N\ 
nase é cnaveccnons 100 1+ >100 205 + 24 200 790 + 94 1,000 
io uc eynensoess 100 1+ >100 560 + 24 400 700 + 33 400 
i ias<ortcevecrees 100 1+ >100 528 + 34 600 960 + 94 600 
ioo 1+ <100 About1,200 1,000 1,060+ 80 600 
100 0 >100 >1,200 >1,200 >1,200 >1,200 


* The rating of the effect on cats is indicated as follows: 1+ means elevation of threshold 
by 5 to 15 milliamperes; 2+, elevation of threshold by 20 to 30 milliamperes; 3+, elevation of 
threshold to 50 milliamperes; 4+, elevation of threshold to above 50 milliamperes. 

+ Minimum toxic dose. 

t PDso means the 50 per cent protective dose as calculated by Log-Probit paper. 


There is also a good agreement in anticonvulsant potencies of the 
1-alkyl-5-thienylhydantoins as determined by the two methods (table 2). 
In this series of compounds, the 1-ethyl, 1-n-propyl and 1-allyl deriva- 
tives are more effective than the |-methyl, l-isopropyl and 1-n-butyl 
analogues in protecting animals from electric shock convulsions. The 
effective doses, however, are near to their hypnotic levels. The anti- 
convulsant effect is probably due to a generalized central depression. 

In contrast to this, the anticonvulsant propetty of the 5,5-aryl sub- 
stituted compounds is of special interest in that some of these com- 
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pounds in toxic doses produce excitement in animals and in man.°® 
As the data in table 3 show, the addition of a second phenyl or thienyl 
group at the 5 position greatly increases the anticonvulsant activity of 


TABLE 2.—Anticonvulsant Activity of 1-Substituted-5-a-Thienyl-H ydantoin in Cats, 
Rats and Mice 


| 3 
O= C2 Cats Rats Mice 
Mg. PDsot +8.E., M.T.D., PDso+S.E., M.T.D., 
1 per Kg., M.T.D.,t Mg. per Mg. per Mg. per Mg. per 
Oral Rating* Oral Kg., Oral Kg., Oral Kg., Oral Kg., Oral 
ee 100 1+ 200 273 + 36 400 329 + 24 500 
200 2+ 
Wicsanscsecrvas 50 1+ 50 154 + 42 300 258 + 10 500 
100 4+ 
1-n-propyl.......... 50 1+ 50 164 + 15 100 430 + 32 350 
100 4+ 
1-isopropyl......... 50 1+ 50 220 + 21 300 255 + 19 600 
100 2+ 
ere 25 1+ 50 145 + 16 180 282 + 45 200 
50 2+ 
100 3+ 
1-n-butyl........... 50 1+ 50 370 + 44 300 640 + 52 500 
100 1+ 
1-B-phenethyl...... 200 1+ 200 >1,000 >1,000 >1,200 >1,200 
ees 200 1+ 200 >1,200 >1,200 >1,200 >1,200 


* For explanation of rating of effect on cats, see table 1. ‘ 
+ Minimum toxie dose. For these compounds, the toxie signs were depression in all cases. 
t PDso means the 50 per cent protective dose as calculated by Log-Probit paper. 


TABLE 3.—Anticonvulsant Activity of 5-Phenyl and 5-a-Thienyl Hydantoins in Cats, 
Rats and Mice 


{3 4 
0=C2 
| Cats Rats, Mice, 
-N—C- PDsot + 8.E., PDsot + 8.E., 
7 Mg. per Kg.,* Mg. per Kg. Mg. per Kg. 
Oral Ratingt Intraperitoneal Intraperitoneal 
a 100 1+ 75+ 6 160+ 6 
12.5 3+ 2+ 14 91+ O7 
25 4+ 
100 0 188 + 24 $25 + 22 
5,5-di-(a-thienyl)........... 12.5 2+ 38+ 6 39+ 3 
25 4+ 
5-phenyl-5-a-thienyl........ 12.5 2+ 88+ 6 31+ 3 
25 4+ 


* Nontoxic dose. 
+ For explanation of rating of effect on cats, see table 1. 
t PDso means the 50 per cent protective dose as calculated by Log-Probit paper. 


the monosubstituted compounds. A greater potency is indicated in the 
5,5-diphenyl derivative than in the 5-phenyl, 5-thienyl or 5,5-di(-a- 


5. Gruhzit, O. M.: Sodium Diphenyl Hydantoinate: Pharmacologic and 


Histopathologic Studies, Arch. Path. 28:761 (Nov.) 1939. 
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thienyl) analogues. The efficacy of 5,5-diphenylhydantoin in the treat- 
ment of grand mal epilepsy has been well recognized. The recent 
introduction of 5-thienyl-5-phenylhydantoin for the control of petit mal 
attacks * appears to be in contrast to the laboratory findings of the 
anticonvulsant property for antiepileptic drugs.t| The anti-metrazol® 
activity of 5-thienyl-5-phenylhydantoin is rather low, being ineffective 
at 250 mg. per kilogram of body weight in rats. 

Of three species of animals, the mouse is most sensitive in response 
to 5,5-diphenylhydantoin to prevent electric shock—induced convulsions. 
In fact, it is the most effective compound among hundreds of substances 
tested on this animal in our laboratory. As a rule, the anticonvulsant 
activity of a compound is found greater in the rat rather than in the 
mouse. This is shown by data in table 4, obtained with substances of 


TABLE 4.—Anticonvulsant Activity of Miscellaneous Compounds in Cats, Rats and Mice 


Cats Rats Mice 
Mg. per Kg., PDso + S.E., PDso + S.E., 
Compound Oral Toxic Signs Rating Mg. per Kg. Toxic Signs Mg. per Kg. Toxic Signs 
Diphenylmethyl amine 
hydrochloride.............. 50 Convulsions 0 16+ 1.6 None 85 + 2.4 Slight 
Intraperitoneal Intraperitoneal depression 
N-methylphthalimide........ 100 None + 25 None >400 None 
Oral Oral 
2-styrylpyridine (a-stilbazole) 100 None + 4349 None >400 None 
Intraperitoneal Oral 
N-acetylbenzhydrylamine.... 100 None + <25 None 45+6 None 
Oral Oral 
N-phenacylbenzamide........ 100 None + 62 +5 None >400 None 
Oral Oral 


different chemical nature. Here, again, there is a better agreement in 
anticonvulsant potency as determined in cats and mice. 


SUMMARY 


The anticonvulsant activities of three series of compounds (2-phenyl- 
3-alkyl-4-thiazolidone and their corresponding dioxides, 1-alkyl-5- 
thienylhydantoins and the 5,5-arylhydantoins) were determined in cats, 
rats and mice against electric shock—induced convulsions. 

The results were presented from the standpoint of chemical struc- 
ture and anticonvulsant property. 

The sensitivity of two electric shock procedures and the species dif- 
ference in cats, rats and mice were pointed out for the appraisal of 
anticonvulsant agents. 


Parke, Davis & Company (32). 


6. Peterman, M. G.: Epilepsy in Childhood, J. A. M. A. 188: :1012 (Dec. 4) 
1948. 


Toxic Signs 
Slight 
depression 
None 
None 


None 


None 


Book Reviews 


Atlas of Peripheral Nerve Injuries. By William R. Lyons, Ph.D., Asso- 
ciate Professor of Anatomy, University of California Medical School; and 
3arnes Woodhall, M.D., Professor of Neurosurgery, Duke University School 
of Medicine, Durham, N. C. Price, $16. Pp. 339. Philadelphia: W. B. 
Saunders Company, 1949. 


The authors present, in this beautifully illustrated atlas, a “correlated study 
of nerve segment pathology and clinical regeneration after neurorrhaphy.” It is 
fortunate for present and future neurosurgeons, and for all those interested in the 
pathology of peripheral nerve injury and healing, that the enormous mass of clinical 
material made available to the authors during the war was carefully documented 
and recorded. Approximately 1,000 peripheral nerve injuries were treated and 
analyzed by the authors at the Walter Reed and Halloran General Hospitals. In 
339 pages of highly legible type, they present six chapters detailing the pathologic 
observations on these injuries. An entire chapter is given over to itemization and 
discussion of the terminology employed in neural pathology and anatomy and to 
a consideration of the normal structure of peripheral nerves. This chapter is 
followed by separate chapters on completely severed nerves and on “traumatic 
nerves in continuity.” Each chapter beautifully crystallizes by well described illus- 
trations the gross and histologic changes in these two varieties of nerve injuries, 
and each is followed by characteristic case reports. 


The wealth and variability of the material made available to the authors is 
most evident in the chapter on nerve suturing, in which the pathologic changes in 
every variety of nerve suture are described and illustrated and in which every 
complication following such suturing is discussed. 


A valuable adjunct to this unique atlas is a chapter on nerve grafts—a subject 
on which much effort has been expended, with few satisfying results. From a wide, 
first hand experience the authors report objectively on the subject of autografts 
and homografts. Because of the frequent failure of the latter to take, numerous 
sections are made available, and their study should help to clarify the claims made 
by other neurosurgical authorities. 


No practicing neurosurgeon or neuropathologist should be without this atlas. 
It is a monumental work—the result of the happy union of a wealth of clinical 
material made available by the last war and the laborious effort and genius of 
the two authors. 
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BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 


Charles L. Kubik, M.D., Presiding 
Regular Meeting, Feb. 27, 1947 


Peacetime Lessons from Wartime Psychiatry. Dr. Roy R. GRINKER, 
Chicago. 


In the armed forces, psychiatrists were often frustrated and reacted with 
hostility, boredom or depreciation of “brass” authority. However, many psychia- 
trists learned a great deal concerning problems of the human organism under stress. 
and psychiatry as a field progressed to a great extent through the lessons learned 
during the preparation for, the participation in, and the recovery from, war. 
Psychiatrists entered the service thinking that they knew much more about men 
under stress than they did, and they had much to unlearn and relearn. 

The problems of selection, never satisfactorily solved, have taught us, as 
psychiatrists, much about selection and choice of occupation in civilian life. We 
know that aptitude and intelligence are but part of the basic qualities sought for 
by the personnel psychologist who attempts to fit a man into a job in which he 
will be efficient and in which he will obtain a maximum amount of personal satis- 
faction. We learned a great deal about the motivation that keeps men active in 
group life and is a successful antidote against breakdown under severe stress and 
frustration. Our difficulty in applying this knowledge to civilian life is the lack 
of sufficiently strong motivation when fear of annihilation is not dominant. We 
are confronted with the problem of teaching responsibility for the total group when 
death is not the penalty for individuality; morals in, and responsibility for, our 
democracy need revision. The young men in whom war neuroses developed have 
given us a tremendous amount of material to indicate that the home life, the social 
and cultural background, of a large cross section of the American population is 
directly responsible for the difficulties that children brought up in such circum- 
stances manifest on reaching maturity. Our fundamental tasks place us in a 
severe dilemma. There are too few of us to treat all the persons necessary to 
make possible the development of mature people in the right places. Our energies 
must be at least partially diverted from individual treatment to education of larger 
groups and the dissemination of knowledge that has universal application. We 
are handicapped because our technics are applicable to individuals or to small groups, 
and we must look to other sciences for the adequate means of dissemination of 
knowledge through larger mediums. 

As psychiatrists, we learned a great deal about the dynamics of the traumatic 
neuroses. We learned about the forces that are stimulated within the minds of 
people and the opposing forces within the ego that attempt to maintain a psycho- 
logic homeostasis in the presence of violently disrupting stimuli. The treatment 
of the sick patient who succumbed to the violence in his environment was developed 
along several lines, all of which require further amplification and attempted 
adaptation to the problems of civilian life. Group therapy, individual therapy, such 
as hypnoanalysis or narcosynthesis, brief or flexible uncovering psychotherapy and 
many other facets of treatment were barely begun during the war. The large 
number of persons requiring treatment demands of us that we develop and perfect 
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briefer technics. We should be able to teach some of these methods to the general 
practitioner and the nonpsychiatric specialist to enable him to recognize, prevent 
and perform the early therapy of neuroses. This teaching function requires the 
development of new technics of pedagogy and is a pressing problem today. 

This presentation has touched only lightly on the many facets of psychiatry 
furthered by studies during the war. Application of this knowledge to civilian 
life raises many problems and questions, and few definite answers can be given 
at present. 

DISCUSSION 

Dr. F. DenNeEtTE Apams: Dr. Grinker has given us much food for 
thought. As an internist, I agree with most of what he has said, but I must take 
issue with him on two points. I cannot concede that the average internist spends 
only fifteen minutes with his patient. Most enlightened internists are well aware 
of the close relation between structural and emotional disorders, and in any case 
are likely to spend considerable time looking for emotional factors which may be 
involved in the patient’s illness. 

It seems to me, too, that Dr. Grinker has been a little rough on rehabilitation. 
To be sure, rehabilitation was often overdone. By the enthusiasts, more was 
expected of it, or claimed for it, than was actually accomplished. In some of the 
convalescence centers, especially, money appeared, to me, to be wasted in setting 
up expensive equipment for vocational training, and the like, for once the sick 
soldier knew that he was through with military service he wanted to go home. 
On the other hand, one could not visit any of the general hospitals or convalescence 
centers where the physically maimed were receiving definitive treatment without 
being impressed by what was being done to fit the men for return to civilian life. 
In the amputation centers, especially, the physical and emotional rehabilitation, 
the training the amputees received in the use of artificial limbs and the results 
obtained in morale building were little short of marvelous. 

Dr. Grinker’s report on the use of narcosynthesis in civilian life is indeed dis- 
couraging. I had hoped that here, as in the Army, this technic might prove 
capable of providing a short cut which would permit more rapid determination of 
the cause of the patient’s break and a correspondingly shorter period of treatment. 
Psychiatrists could then see more persons and give the internists more help than, 
being so few, they can give at present. 

Dr. HERRMAN L. BLumGaArRT: Dr. Grinker has referred to the paucity of 
psychiatrists to meet the inordinate demands of the armed forces in World War II. 
This condition would seem likely to continue, and to recur again in time of war 
unless psychiatry shifts its emphasis. There were so many psychiatric casualties 
that even if the number of properly trained psychiatrists were increased the 
problem would still be insoluble. Only by greater emphasis on preventive psychi- 
atry, as against remedial psychiatry, can this situation be corrected. Much is to 
be accomplished in this respect by the broad permeation of psychiatry within the 
educational system, not only in colleges but in medical schools as well. 

In the field of internal medicine, there has already been a shift in emphasis 
from the somewhat defensive position of the prevention of disease to an aggressive 
effort toward the maintenance of normal health. There are signs that this same 
transition is taking place in the field of psychiatry, with a renewed interest and 
more intensive study of the development of normal personality and character 
structure. This should facilitate a clearer understanding of the emotional com- 
ponents of organic illness and the alleviation of anxiety and conflicts in their 
incipiency. 
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Dr. JouN Murray: I am grateful to my good friend and co-worker for this 
stimulating talk. What I could say would be repetitious. Having worked in rather 
close cooperation in the psychiatric programs of the Army Air Forces, we saw 
and felt alike and had essentially the same goals. A tremendous amount of interest 
has been created in psychiatry and is evidenced by professional people and the public 
at large—something that without the war, if measured by standards before the 
war, would have taken fifty years to accomplish. There may be a series of reasons 
that this is so. During the war the incidence of anxiety states in previously healthy 
people, occasioned by the stresses which war provided, gave proof beyond any 
measure of doubt to him who wanted to read that there was a psychologic factor 
in illness.‘ We psychiatrists were drawn closer to our colleagues in medicine and 
surgery in this interest. This interest has gone from those schools within the 
service that had short term teaching programs into the medical schools, where basic 
ideas of dynamic psychiatry are beginning to be accepted as part of what should 
be taught in the first two years of medical school. That is an important step. 

My experience with treatment has paralleled Dr. Grinker’s. Our good friend, 
Frank Fremont-Smith, held a couple of meetings in New York and invited twenty- 
five leading psychiatrists, about half within the services and half from civilian life, 
to form a panel for the discussion of technics that would be valuable. Out of that 
discussion, among this heterodox group, came the program which Dr. Grinker 
has spoken of as largely psychoanalytic, and which he used at Don Cesar Hospital. 
There were few other ideas advanced. Our panel group also formulated some 
ideas about group psychotherapy. ; 

Dr. Harry C. Sotomon: We are grateful to Dr. Grinker, who has taken 
us on a long journey this evening, the first part dealing with the sorry state of 
the universe. It probably is a sorry world, in which people not only do not vote 
right but do not vote at all. It is a sorry world, in which people are ignorant and 
uneducated. The question is, Can we as psychiatrists step out and educate the 
world into the proper way of functioning? From this part of the presentation, it 
appears that there is great need for a type of education popular in scope but 
difficult to accomplish. Perhaps by the individual work of competent and able 
people working with their patients the best educational results will be obtained. 
We are on safer ground in individual work because we are tyros in the field of 
publicity ; we do not know how to use the radio and pamphlet as well as professionals 
in that field, who have devoted their time to it. Diversion of our interests into 
the field of public or mass education may do a great deal of damage unless we 
develop among us some persons who have a good technic for disseminating knowl- 
edge that woulld be valid and helpful. Many critical comments have been made 
about the psychiatric brethren who claim to know how to make the lions and 
the sheep abide together in peace and yet do not get along well among themselves. 
That criticism is probably valid, for we are in a formative stage. We are trying 
to learn how to deal with our individual patients. Perhaps it is the field of 
individual therapy that we should continue to cultivate. One of the faults inherent in 
the wide application of psychiatry is that it deals with the situation of today, learns 
little from the past and loses its position very quickly. There has been a great 
resurgence of interest in “anxiety” as a result of the war experience. It has been 
said that accumulation of this knowledge would have taken fifty years without 
the war. The same thing occurred in the first world war. There was an interest 
in psychiatry which did have some effect in the next twenty years, but it was a 
diminishing effect ; if we are not careful, the same thing will happen again. I refer 
particularly to methodologies effective in the American Expeditionary Forces in 
the first world war which were not so effective in civilian life. We have had to 
learn that lesson over again in this period. That is the history of human thought. 
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Learn a little; forget it, and learn it again. One talked in the first world war 
of the lack of preparedness, the lack of selection, the lack of preparation for caring 
for patients with psychiatric breakdowns. One said the same thing in the recent 
war. If the next war is delayed for another twenty or twenty-five years, we shall 
repeat the same error unless an inspired prophet comes along. Perhaps Dr. Grinker 
is destined for that role; I know of no one who could fulfil it better. There has 
been a great increase of interest in individual psychotherapy. Let’s keep that; 
let’s see what we can do. The method which I think would be most effective is 
not the education of the public, however advisable that would be, but the education 
of students and our medical colleagues. I believe that a great deal is being done 
throughout the medical schools of the United States to increase the training of 
medical students in the field of psychiatry and of human relations. The great 
impetus is due only in part to the psychiatrists, but, more importantly, is to be 
explained by a greater interest and receptivity of the medical student, due to a 
fine sympathy of the teachers of internal medicine. Progress in the past has been 
an uphill fight, for, no matter how good the psychiatrist’s speech, the effect was 
largely lost when the student got back to the internists. That picture is completely 
changed. I believe we ought not only to be grateful to our medical colleagues, 
but to see that we continue to have their regard and respect. 

It would be unfair to leave without taking issue with the speaker on at least 
one point. In the Boston area we do not find the lack of inspiration among the 
young men to go into research and teaching. Our experience is that these young 
men, many of them no longer so young, are eager to devote themselves to training 
for advancement in their futures, on the one hand, and in psychiatry, on the other. 
Almost daily we have requests for training, with or without pay except for Govern- 
ment stipends to veterans, to continue for three, four and five years. If we can 
offer training to these men, I have no fear about the future that they will offer 
to the country in good training and service to the community. 

Dr. Jackson M. Tuomas: I can appreciate the problems pertaining to the 
military schools of psychiatry, to which Dr. Grinker referred, because I participated 
in two of them. It was not easy to train classes of seventy-five men, many of 
whom were not enthusiastic about psychiatry, to do a good job, and to do it 
quickly. As Dr. Grinker pointed out, it was necessary to develop technics that 
could be used safely. I agree with him about group psychotherapy. It was hard 
to tell in those groups who was the patient and who was the therapist. Some 
forceful fellow often grabbed the conversational ball and kept it the whole time. 

I think Dr. Grinkér was hard on the total push method. The psychiatrist saw 
the patients once or twice a week, perhaps more; but the patients had many other 
hours to spend in the wards, and these methods did have some good effect. I 
should like to take issue with the general statement that these men, the casualties, 
had a background of broken homes. I was impressed by some of the rapid 
recoveries. Some of the men “broke,” as I think any of us might have broken 
in similar situations. I prefer to think of these reactions as situational responses, 
rather than to call them neuroses, as the Army did in some cases. I learned that 
though a man is tense, he does not always have a neurosis. I was relieved to hear 
Dr. Grinker say that narcosynthesis did not work as well in the rear echelons as 
in forward areas; sometimes it worked, and sometimes it did not. 


Dr. Witrrep Broomperc: Dr. Grinker has said so many things so well that 
it is difficult to discuss any specific ones. Two points in his paper were of par- 
ticular interest to me: The first is his statement about acute situational disorders. 
I have felt from the beginning that recognition of the nature of this disturbance 
is one of the most important things to have come out of the war experience. We 
have learned that there were acute situational disorders which could be attacked 
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at the situational level. We have learned to attempt to return a patient to that 
degree of adjusment which had proved satisfactory to him before the acute situa- 
tional break. We have learned that it is not always entirely necessary to go 
far back into a review of the whole personality in order to get as our end result 
a functioning personality in the current environment. 

Second, it pleases me to hear Dr. Grinker’s discussion of brief therapy. I have 
been pleased with the whole development of Alexander’s and other concepts of 
shortening psychoanalysis and to find a tendency toward the concept that therapy 
need not take two years, or four hundred hours. It seems to me that psycho- 
therapy of any type must be essentially dynamic. Psychoanalysis is the one best 
single source of dynamic knowledge in psychiatry. Any psychiatrist now who 
gives treatment from a dynamic point of view must of necessity use some analytic 
concepts, whether he uses the terminology or not. I am pleased in general to see 
the rapprochement of the various ways of looking at psychiatric therapy to the 
point where all of us will use everything we know about dynamics, coming from 
whatever source, in order to help our patients. 

As a final point, I regret to have to say that Dr. Grinker, in Chicago, is not 
the only one to suffer from “nondirective psychotherapy,” carried on by psycholo- 
gists. We have the same problem here in Boston. 


Dr. KENNETH J. TrLLorson: We have had a treat in hearing from this 
speaker, one with Dr. Grinker’s experience and ability. The response which he 
has already received in the previous discussions testifies to the interest and enthusiasm 
which he has stimulated. In spite of the wealth of material and the broad scope 
of Dr. Grinker’s subject, he has presented an amazing amount of material in the 
brief hour allowed him. Those of us who have read the books and original articles 
published by Drs. Grinker and Spiegel on their experience in the North African 
campaign agree to the value of their contributions. Their work was especially 
helpful to us psychiatrists on the home front, who were seeing large groups of men 
at the induction centers. It has been further helpful in reassuring us that psycho- 
analytic principles and the dynamic concepts of the analytic schools of thought 
can find application and usefulness in the practical way in which Dr. Grinker and 
his colleagues have been able to demonstrate. The internists, Dr. Blumgart and 
Dr. Adams, were both pioneers in psychosomatic medicine and have recognized 
psychiatry as the intelligent branch of medicine. I have felt in Dr. Grinker’s 
publications and in his discussions that he has rather passed over the psychoses 
and has a tendency to include many psychotic reaction types under the broad 
heading of the neuroses. To many of us who are working essentially with the 
psychoses, this might well be an encouraging attitude, since we know that various 
levels of psychotherapy may be applied to various degrees of psychotic reaction 
types. I should like to mention that the total push method of therapy was designed 
principally for the schizophrenic patients. 

Dr. Jacos E. FINESINGER: It is gratifying to hear Dr. Grinker and to realize 
the contributions he has made. I do not believe that these contributions would 
be possible for anyone who was not so well grounded and scientifically oriented. 
One question to Dr. Grinker: Does one find acute precipitating situations only 
in the combat neuroses? 

The introduction of dynamic principles and psychoanalytic concepts was one 
of the major contributions made during the war. This was made by the psychia- 
trists in the Army and the Navy, and Dr. Grinker played an important role in it. 
The next step is to develop psychotherapeutic procedures which will be useful, 
consistent, definitive and teachable. The experience gathered during the war can 
be extremely useful. It is good to know that Dr. Grinker and men of his caliber 
can now apply themselves to peacetime investigation of these problems. 
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Dr. Paut H. Harwoop Jr.: There are certain anxiety states in war neuroses 
which the most competent uncovering therapy fails to resolve. I know Dr. Grinker 
has treated some of them without success. Is there any other line of attack, such 
as a physiologic one, which yields better results? 

Dr. Roy GrINKER, Chicago: I am glad the internists in Boston spend more 
than fifteeen minutes with each patient. My point is this: If we continue to 
indoctrinate the medical profession as a whole that such a high percentage of 
physical ills is due to emotional ills, we shall have to teach how to treat them. 
Otherwise, all we are doing is to say, “Send them to us.”. We don’t want to do 
that because we cannot handle all these patients. We should try to teach internists 
how to treat the problems that arise in their field. We have more success wtih 
the general practitioner than with the specialist because of the general practitioner’s 
proximity to the patient and his family. 

I criticized the physical rehabilitation of psychiatric patients only, not of physi- 
cally ill patients. I perhaps was overly critical, but you must remember that it 
was said over and over again, “Exercise is the cure for war neurosis.” I contend 
that rehabilitation of an occupational type is important, and certainly occupational 
therapy is important in a total therapeutic situation. 

Two of the discussants have accused me of being pessimistic. Dr. Blumgart is 
correct in saying that preventive psychiatry would be the most efficient and most 
effective line of attack. Unfortunately, that requires mass education, the technics 
of which must be devised by people other than psychiatrists. We have many 
problems, and we must face them as we go along, before we can do anything 
about them. 

Dr. Thomas is correct that many persons succumb early and severely to stress 
in war. Those persons have the background of which I spoke. I have always 
thought that a “normal person” will develop a neurosis if the situation is severe 
enough. Situational experiences do occur in civilian life, and we must be alert to 
deal with them by suitable technics. There are persons who can profit by very 
brief psychotherapy. 

Dr. Harwood asked a question about anxiety. Long-standing anxiety will lead 
to organic damage, which continues the process of disturbance. It may be that 
disturbances of hepatic function may reverberate to continue anxiety. 

Each discussant has pointed out that we have, through the war, recognized the 
greater need for psychiatry in all its applications and that civilians have made 
these needs felt in a magnified manner, with a greater demand for services than 
we can give. We are being asked by every conceivable source to partake in mental 
hygiene. The question is, Can we now produce? If we can, we shall have brought 
many people forward and improved the so-called lamentable world. If we cannot, 
then we shall -have failed in what we have promised for so long. We must be 
ever vigilant in what we do and say, and we must be concerned about the kind 
of people who are labeled with our names. 


Charles L. Kubik, M.D., Presiding 
Regular Meeting, Nov. 20, 1947 


Effects of Displacement of the Brain by Tumors. Dr. James W. 
KERNOHAN, Rochester, Minn. 


I wish to call attention to a phase of neuropathology which is not usually 
considered in pathologic literature—the effects of large intracranial lesions, such 
as neoplasms, abscesses and hematomas, on the brain substance. 
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Not infrequently, symptoms produced by intracranial tumors are the result not 
of the primary lesions, but of its effect on neighboring, or even distant, structures. 
Occasionally a mass in a frontal, parietal or temporal lobe will produce signs and 
symptoms on the same side as the tumor itself, so that an erroneous diagnosis 
may be made and even a craniotomy carried out on the wrong side. In such 
instances, there is invariably massive displacement of the involved hemisphere, 
not only to the opposite side, but also backward and downward. This displace- 
ment includes the brain stem, so that the corticospinal fibers impinge on the rigid 
edge of the tentorium. This interrupts the pyramidal tract from the opposite 
hemisphere, with signs, and even symptoms, referred to the side opposite that of 
the real lesion. 

This error, as a rule, is not so serious now as it was before the more prevalent 
use of ventriculography or encephalography. Notching of the cerebral peduncle 
is commoner with lesions in the anterior two thirds of either cerebral hemisphere, 
but it may be encountered occasionally with tumors of the posterior fossa, especially 
the cerebellopontile neurofibroma. 

An excellent example of the effect of such a lesion on neighboring structures 
is the changes in the visual fields brought about by tumors of the pituitary gland. 
Normally, the optic nerves pass beneath the anterior cerebral artery. When a 
tumor grows in the pituitary gland, the optic nerves are displaced upward and 
are compressed between the slowly expanding tumor and the pulsating arteries. 
This compression of the nerves leads to grooving and to severing of fibers in the 
nerve bundles. Such interruption of the nerves produces visual defects. The 
grooves in the visual pathways may be in the nerves anterior to the optic chiasm, 
in the chiasm itself or in the optic tracts. Interference of the pathways may be 
lateral or in the midline or in any place between, so that variations in the visual 
defects are readily explained. 

Other phenomena of displacement may be seen in children with internal hydro- 
cephalus when the corpus callosum is displaced upward against the falx cerebri. 
Such a groove in the corpus callosum is, as far as I know, a pathologic curiosity, 
as it has been impossible to attribute any symptoms or signs to such a finding. 
It is, nevertheless, well to be aware of this, for it may at some time be important. 
Massive displacement of the brain may lead to herniation of the brain stem, 
including the cerebellar tonsils, through the foramen magnum, and sudden death 
may occur. 

A few minor forms of displacement have been observed. 


PHILADELPHIA PSYCHIATRIC SOCIETY 


Robert A. Matthews, M.D., Presiding 
Regular Meeting, March 14, 1947 


Various Uses of the Recorded Interview in Psychotherapy. Dr. HERBERT 
FREED. 


A demonstration of a wire recorder was made, and interview records were 
played to illustrate the value of the recorded interview in psychotherapy and in 
teaching. 

DISCUSSION 


Dr. O. SpurGEON ENGLISH: One of the ways in which this apparatus might 
be most useful is in recording an interview with the patient under narcosis. The 
play-back would seem to be of value in having the patient hear an exact repro- 
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duction of what he had said and what had gone on. Again, it would be useful 
when a record is desired of the patient’s productions before and after lobotomy 
or similar operation. With respect to therapy: Before Dr. Freed played the 
records I wondered whether the patient might not become more interested in 
various extraneous mechanical procedures and effects than in the content of the 
interview itself, so vitally important in bringing out emotion. I think the patient 
admitted that he had been. I should like to have Dr. Freed tell us how much the 
patient learned from the play-back and whether it helped him more than the 
ordinary verbal interpretation would have done. 

One cannot deny that psychiatric patients and their productions are time con- 
suming. Consequently, it is difficult to improve on the case presentation that is 
well prepared by some one trained in that field. Essential material obtained in 
six to twelve sessions can be condensed into a form that can be presented in a 
half-hour or forty minutes to a student group. I wonder whether such a group, 
in listening to a record, might not become bored, or even fall asleep. It seems 
to me that in teaching from cases condensation is necessary, and this the recording 
method does not permit. 

There is always a certain amount of chaff in a series of interviews. The 
beginner, no doubt, has difficulty in separating the wheat from the chaff, and it is 
the task of the more experienced man to help him. In teaching, the record can 
give something of the intimacy of an interview to a student group which could 
not be achieved with the patient. The difficulty with its use in the passive type of 
therapy, however, is obvious as on the occasions on which the psychoanalyst does 
no talking at all. On the other hand, in dynamic and rapid therapy there would 
undoubtedly be a tendency to “fix” the interview for teaching purposes, so that it 
would not be a true representation. That, perhaps, is the lesser of the two evils. 
Consideration should be given, however, to the use of the recorder in bringing to 
students what occurs in a therapeutic interview; however, after the recorder is 
used, elaboration must be made on what the therapeutist said, why he said it and 
why he said it at that particular time; then the results of his therapy should be 
presented if they are known at the time. 

Dr. A. M. ORNSTEEN: It was not my intention to discuss the technical details 
of recording, and I shall, therefore, refer to technic only in so far as it applies 
to patients. 

Dr. Freed’s use of the recording is different from mine: I have never used 
the play-back technic for therapeutic or any other reason. It is not my practice 
to let it be known that a recording is being made. Dr. Freed apparently has found 
the play-back technic suitable and applicable therapeutically, but I find it just as 
potent a method to discuss with the patient things he had said in the recording 
room without revealing the fact that a recording has been made. My interest 
during the past decade has been to collect a library of ten or twenty minute inter- 
views for teaching purposes. Most of them were made at the first visit, after 
the history was obtained, thereby giving me pertinent leads in recording a con- 
densed, directed interview. I have found it impractical to attempt to record a 
nondirected interview on acetate disks of 12 inch diameter. With the wire recorder 
this impracticability is overcome, but the sound fidelity is of poorer quality. 

Dr. HERBERT FREED: My comment on Dr. English’s question would be that 
my patient had read a great deal of psychiatry and had been exposed to a great 
many interpretations. He came in for treatment and received interpretations and 
explanations regarding his infantile behavior, but it still made no impression in. 
him. The recording had more effect than any of my interpretations. 
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Fundamentally, I fully agree with Dr. Ornsteen. I have tried, however, to 
make the recording apparatus enough of a dynamic procedure to be used in psycho- 
therapy. To get the essence of a complete case recording on one record, I can 
take any part of a recording that I make on the wire and transfer it to a disk. 
I can get the essence of a number of cases on one disk and use that for teaching 
purposes, as I do. 


Implications of the Electroencephalographic Abnormalities in the Psy- 
chopathic Personality. Dr. DANIEL SILVERMAN, Springfield, Mo. (by 
invitation). 


During the past five years, six independent investigators—Hill and Watterson; 
Silverman; Gottlieb and associates; Simons and Diethelm; Hodge, and Simon and 
associates—have reported on the electroencephalograms of psychopathic personali- 
ties. Of a total series of 694 psychopathic subjects, 336, or 48.4 per cent, had 
clearly abnormal electroencephalograms. The most characteristic abnormality was 
a 5 to 7 cycle per second rhythm with maximum amplitude from the anterior 
region of the scalp. Closer consideration of diagnostic criteria would raise the 
incidence of abnormalities to well over 50 per cent. Investigators who distinguished 
between the aggressive and the inadequate psychopathic personality found con- 
sistently many more abnormal electroencephalograms among the former. The only 
study not in agreement with the others was the one by Simon and associates; they 
found fewer and different types of electroencephalographic abnormalities. The 
discrepancy, it was felt, came from the use of different diagnostic criteria. One 
implication of these findings is existence of an organic factor in the causation of 
the disorder, strikingly so in the case of the aggressive psychopathic personality. 
The electroencephalogram thus makes definitive earlier speculations on the organic 
component of the disease. Various theories concerning the location, nature and 
cause of the cerebral dysfunction were discussed. The evidence to date points 
toward an inborn and/or an early acquired defect. 

The organic defect does not account for the entire psychopathic picture. Con- 
tributions of the dynamic schools of psychiatry have indicated the importance of 
traumatic experiences in the life histories of psychopathic persons. In the case 
material studied by the author, 80 per cent of the patients had clearly traumatic 
childhoods involving disturbed parent-child relationships. It is felt that the 
cerebral defect serves to increase the sensitivity to the emotional trauma of child- 
hood and may even facilitate the psychopathic choice of the neurotic pattern—the 
tendency to “act out” rather than to internalize the conflict. 

Clinically, these formulations have important implications: They should stim- 
ulate investigation of the individual psychopathic patient for the existence of organic 
lesions, suggest research on the effect of drugs in controlling the cerebral dysfunc- 
tion and afford hope that the psychopathic defect—if it is related to cortical 
immaturity—may mature and that with psychotherapy the total personality may 
also mature or follow a more normal pattern. From the medicolegal standpoint, 
these newer concepts suggest that the present archaic and ineffective methods of 
dealing with the psychopathic personality, which creates such serious social prob- 
lems, need reappraisal and change. 


DISCUSSION 

Dr. Jos—EpH Hucues: Dr. Silverman has presented an excellent review of 
the electroencephalographic changes seen in patients with impulsive aggressive, 
antisocial behavior. It is recognized, as a result of all this investigative work, 
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that in approximately one-half such patients one may expect to find electrical 
abnormalities of the cortex consisting in waves of 5 to 8 per second frequency, 
and, in a smaller number, slower rhythms. When definite “seizure waves” are 
present, it can be concluded from the electroencephalographic tracing that the 
patient’s psychopathic behavior is associated with epilepsy. 

The electroencephalogram records the electrical activity of the ganglion cells 
in the cortex. This activity, in turn, is a summation both of the internal chemical 
processes going on within each individual ganglion cell, resulting in the polarization 
and depolarization of this unit, and of its response to bombardment from adjacent 
neuronal groups or from more distant neuronal units in the thalamic and hypo- 
thalamic areas. 

The relation of the hypothalamus to emotion is well established, and it is 
permissible to believe tha there is also a psychologic basis for behavior. However, 
no one has proposed that cortical potentials, as such, are in any way directly 
related to mood or behavior; they are, however, a measurable sign of cortical 
activity, and if they could be correlated directly or indirectly with behavior they 
would be of great usefulness in studying behavior reactions. 

Some types of aggressive, asocial behavior seem to correlate clinically with 
evidences of abnormalities in the electroencephalogram. In those cases treatment 
with diphenylhydantoin (dilantin®) or related drugs is indicated. The only point 
in question is the percentage of such cases; there is still wide divergence of opinion. 
Some authors, among them Dr. Silverman, place this figure high (more than 
50 per cent); others have presented results to show that aggressive, asocial 
psychopathic persons have an electroencephalographic response which is not signifi- 
cantly different from that obtained from normal persons in the general population. 


Dr. Puitip Q. Rocue: I should like to compliment Dr. Silverman on his 
excellent presentation of this subject. It has far reaching implications. 

The electroencephalogram is something like a hieroglyph taken from a matrix 
laid down early in the organism. It may be no more than this, and it can be 
likened to any indirect indicator, such as the Wassermann test—nothing more, 
and is as yet of no help in revealing the meaning of psychopathic behavior. 

There is the problem of knowing whether electroencephalographic variations 
precede the development of the so-called behavior. Again, one runs into difficulty 
because of the confusion as to what a psychopathic personality is. The diagnosis 
is not a scientific one at all; it is simply a social one and it seems to me that before 
one can make further conclusions about the relations of behavior and electro- 
encephalographic potentials one ought to test a number of children, a large sampling 
of children, and then determine which of these children have electroencephalographic 
indexes of so-called psychopathic behavior. A corollary in our observation of 
character determinants is found in the patterns of intrauterine life. Certain babies 
are passive, others are active, in the mother; and these children will have active 
or passive patterns, as the case may be, throughout their lives. I think the fruit 
of research will come less from the sampling of criminal groups than from the 
studies of children and infants. Basic personality is suggested crudely in so-called 
high and low alpha indexes. 


There was a time when the textbooks led one to believe that syphilitic changes 
in the brain determined behavior typical of dementia paralytica. Now the under- 
standing is clearer. The somatic change releases the primitive personality and 
thus leads to the exposure of dementia paralytica in various guises. This may be 
suggestive also with the diagnostic indicator conveyed by the electroencephalogram. 
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I am inclined to caution against the possible tendency to interpret the electro- 
encephalogram as a Lombrosian stigma of the generation. This would erect a 
barrier to any therapeutic approach to the criminal, who is a sick person. Environ- 
mental factors of personality are likely much more important, and just as they 
shape the personality of the noncriminal neurotic person, they influence that of 
the criminal, which is also susceptible to therapeutic modification. 

Several speculations come to mind and lend themselves only to questions. 1. Is 
the impulse release of the so-called psychopathic personality akin to epileptic 
phenomena? 2. Can one learn more from the electroencephalograms concerning 
the critical respiratory physiology of the newborn, the effects of childbirth and 
theeuses of obstetric hypnotics and anesthetics? 

Dr. JAMEs J. Ryan: Quite recently a similar study was made at Mason 
General Hospital, one of the Army’s largest psychiatric institutes. I was fortunate 
in being able to work on this problem with Dr. James O’Leary, of St. Louis, 
and Dr. Benjamin Simon, of Middletown, Conn. Our patients were well selected 
by a board of psychiatrists, and careful neurologic examinations were then made 
to rule out any cortical lesion that could influence the record. These so-called 
psychopathic personalities encompassed the mildest to the severest disorders. In 
the group were the inadequate personalities, the confused men, the embezzlers and 
even the murderers. When the study was undertaken, we were certain we were 
going to find what other workers had found, and we were surprised when we 
obtained almost diametrically opposite results. It is my feeling that the truth 
probably lies somewhere between, and that a great deal more investigation will 
have to be done before a final opinion can be given. 

Dr. Roche anticipated me regarding the concept of the term psychopathic 
personality. In my opinion, it is in a horrible state at the moment. There is 
great need for new ideas on the type of personality that comes to mind when this 
term is used. It is a confusing term; it is misleading, and it means nothing. 
I have often wondered whether these personalities did not represent an unresolved 
neurosis of childhood. I should like to see the term “psychopathic personality” 
discarded and, until there is a clearer conception of the psychopathology of these 
patients, see the term “character neurosis” used instead. 


Dr. DANIEL SILVERMAN: I agree wholeheartedly with what Dr. Hughes has 
said concerning the significance of electroencephalography in terms of cerebral 
physiology. The work which Graywalter did on subcortical tumors and other 
states suggested strongly that this particular type of rhythm arises in the area 
around the thalamus. While there is a great deal of experimental work yet to 
be done, the idea coincides with many present concepts of and descriptive ideas of 
psychopathic behavior. 

Dr. Roche asks whether these electroencephalographic abnormalities occurred 
early or not. In the many studies done on behavior problem children there have 
been personalities which were considered the forerunners of the psychopathic type, 
and in these the same type of abnormalities were described. From the electro- 
encephalographic viewpoint, therefore, it is suggested that the abnormality appears 
at a very early stage. Many psychopathic persons have had behavior abnormalities 
from the time they were born. There are not enough studies to permit one to 
say which comes first, the electroencephalographic or the behavioral abnormality. 
Direct research with electroencephalographic studies on large groups of children 
from the earliest age followed serially is the only way in which one will get the 
final answer. 


\ 
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Dr. Roche commented on the alpha index and its relation to personality. In 
the early days there was probably overenthusiasm concerning the significance of 
the alpha index. I believe that none of those earlier works have proved valid. 

The question of the relation of psychopathic behavior to epileptic phenomena 
is one which requires a great deal of thought and discussion. Philan and Wattison 
did some work on psychopathic and on epileptic persons, as well as on epileptic 
patients who had psychopathic-like personalities. He found that approximately 
60 per cent of epileptic persons had abnormal electroencephalograms, and when 
the two groups were combined the percentage of abnormal tracings was much 
higher—80 or 90 per cent. 

I know no accurate studies of the relation of respiratory physiology and electro- 
encephalography. I was very much interested in Dr. Ryan’s results because they 
were so much at variance with all that had gone before in my own work. In the 
breakdown of the figures for the types of abnormalities seen, Dr. Ryan’s percentages 
for abnormalities of a particular type were far different than those obtained by 
other workers. 


Abstracts from Current Literature 


Epitep By Dr. BERNARD J. ALPERS 


Anatomy and Embryology 


Tue CHEMICAL HistoLocy AND CyTOLOGY OF THE PINEAL Bopy AND NEUROHY- 
popHysis. G. B. Wistocxr and E. W. Dempsey, Endocrinology 42:56 
(Jan.) 1948 


Wislocki and Dempsey found that the histologic and cytologic properties of 
the parenchymal cells of the pineal body and the neurohypophysis of the rhesus 
monkey differed in a number of respects. Histologically, the cells of the pineal 
gland have more cytoplasm; epithelioid nuclei, which frequently are bilobed, and 
several deeply staining nuclei; the pituicytes are fusiform and irregularly shaped, 
with small polymorphous nuclei and inconspicuous nucleoli. Chemically, the pineal 
cells have in their cytoplasm moderate amounts of basophilic-staining ribo- 
nucleoproteins, alkaline phosphatase and traces of glycogen, but no lipids; the 
Pituicytes contain alkaline phosphatase, traces of basophilic material and no 
glycogen, but there are definite lipid particles which are stainable with sudan 


black B. FRANKEL, Philadelphia. 


THe AmycpALoip NucLEUS IN THE Rat. ALF Bropat, J. Comp. Neurol. 87:1 
(Aug.) 1947. 


Brodal studied the configuration of the component cell masses of the amygdaloid 
nucleus in serial sections of brains of rats stained with toluidine blue and endeav- 
ored to bring these subdivisions of the amygdaloid nucleus of the rat into con- 
formity with their arrangement in other animals described in recent literature. 
These forms include opossum, bat, rabbit, cat, shrew, mink, monkey and man. 
There are five main subdivisions of the amygdaloid nucleus in these forms—the 
central, medial, cortical, lateral and basal nuclei. These subdivisions are seen in 
the rat, but their relative development in the rat is not identical with that in any 
of the other species. The author considers this morphologic delineation of the 
nuclear groups to be only provisional. Experimental studies will be necessary to 


show their functional fiber connections. Apptson, Philadelphia. 


OBSERVATIONS ON THE POSTERIOR PART OF THE NEURAL PLATE IN AMBLYSTOMA: 
II. Tue INpuctive Errecr oF THE INTACT PosTERIOR PART OF THE CHORDA- 
MESODERMAL AXIS ON COMPETENT PROSPECTIVE EcTopERM. WALTER R. 
SporrorpD, J. Exper. Zool. 107:123 (Feb.) 1948. 


Experiments were designed to investigate the nature of the inductive influence 
of that part of the chordamesodermal axis (the “organizer” of Spemann) under- 
lying the posterior mesodermal portion of the neural plate. Prospective ectoderm 
from younger gastrulae which had been stained in nile blue sulfate was used to 
replace the posterior mesoderm of the neural plate which had been removed from 
each of a series of neurulae (Harrison stage 15 or 13). 


874 


| 

| 

| 
= 


ABSTRACTS FROM CURRENT LITERATURE 875 


In most cases, after some delay, a tail process partly of host and partly of 
graft constituents appeared. In all cases the normal- or abnormal-appearing tails 
contained in the posterior region of the trunk rows of somites, which arose from 
blue graft ectoderm. In the 8 embryos in which the graft region purposely 
included some of the neural part of the neural plate, the subsequent embryos 
contained induced spinal cord, as well as somites from the graft-prospective 
ectoderm. 

Study of serial sections showed that in all 32 embryos the predominant tissue 
from the graft was striated muscle, arranged as typical myotomes. In many 
embryos studied in the larval stages not only the myotomes of the posterior 
region of the trunk and the tail but also the mesonephros of the posterior trunk 
were of graft material. In some cases, the posterior limb buds, the meninges and 
the perichordal mesenchyme forecasting the vertebral condensations had received 
graft material. In such cases the prospective ectoderm of the graft behaved like 
the posterior mesodermal portion of the neural plate which it replaced. 

Spofford concludes that the posterior part of the chordamesodermal axis can 
induce in prospective ectoderm the series of differentiations characteristic of pos- 
terior mesoderm of the neural plate. The experimentals also demonstrate that 
there is a sharp break in the inductive capacity of the posterior part of the 
chordamesodermal axis, with neural-inducing properties occurring in the anterior 
portion and mesoderm-promoting activity in the posterior portion. 


Rew, New Brunswick, N. J. 


UNUSUAL INNERVATION OF THE INTRINSIC MUSCLES OF THE HAND By MEDIAN 
AND ULNAR Nerve. E. E. Cuirrron, Surgery 23:12 (Jan.) 1948. 


Cliffton reports on the presence of incomplete paralyses following complete 
section of the ulnar or the median nerve. In the cases in which the ulnar nerve 
was divided, there was fair to good function of most of the ulnar hand muscles 
with little atrophy; there was, however, the usual area of anesthesia in the 
distribution of the ulnar nerve in the hand. In 1 of these cases a nerve fiber 
from the median nerve was found to enter the distal portion of the ulnar nerve; 
in another instance stimulation of the median nerve in the upper arm caused 
contraction of some of the small hand muscles supplied by the ulnar nerve. 
In several cases the median nerve was found divided at operation; yet there was 
function of the thumb muscles prior to operation; in none of the cases was the 
ulnar or the musculocutaneous nerve stimulated at operation. 

The findings are explained on embryologic grounds: the ulnar, median and 
musculocutaneous nerves serve one basic muscle group, the primary ventral 
musculature of the arm; communicating fasciculi between the median and the 
ulnar nerve and between the median and the musculocutaneous nerve are not 


uncommonly seen on anatomic dissection. 
y FRANKEL, Philadelphia. 


Physiology and Biochemistry 


CHANGES IN CEREBROSPINAL FLuID PRESSURE UNDER THE INFLUENCE oF CoN- 
TINUOUS SUBARACHNOIDAL INFUSION oF NoRMAL SALINE. FRancis F. 
and G. Arrowoop, J. Clin. Investigation 27:346 (May) 1948. 


The effects of subarachnoidal infusion on 20 nonanesthetized patients was 
undertaken in order to observe the changes in the spinal fluid pressure under 
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different rates of infusion. Isotonic solution of sodium chloride and Hartmann 
solution (a solution containing sodium chloride, sodium lactate and phosphates of 
calcium and potassium) were used alternately for the continuous infusion. The 
specific gravity of spinal fluid and the infused saline solution were not considered 
in measurements of pressure. Infusions were administered intrathecally at the 
rates of 4 to 60 drops (0.2 to 3 cc.) per minute. When the rate of infusion was 
between 4 and 16 drops per minute, an equilibrium developed between the elevated 
cerebrospinal fluid pressure and the rate of absorption of the cerebrospinal fluid. 
Equilibrium was reached at progressively higher levels as the rate of infusion was 
increased. The relation between rate of absorption and pressure was not linear. 
No equilibrium was obtained within clinically safe pressure limits, taken as an 
average pressure of 570 mm. of water, when the rate of infusion was 60 drops 
per minute. After the infusion was discontinued, the spinal fluid pressure decreased 
at first rapidly (180 mm. of water in four minutes) and then more slowly. The 
authors explain as follows the changes that occur in the cerebrospinal fluid 
dynamics while the rate of infusion is increased from 4 to 60 drops: When the 
rate of infusion was 4 to 16 drops per minute, relatively small quantities infused 
into the subarachnoid space were easily disposed of, probably by an increased rate 
of absorption alone. When the rate of infusion was increased to 60 drops per 
minute, equilibrium was not established, a phenomenon which indicated that other 
factors became prominent in the effort to compensate. These factors are felt to 
be expansion of the dural sac and expression of blood from the vessels of the 
central nervous system, chiefly the dural sinuses. Since the elasticity of the dura 
is very low, expression of blood would be the dominant factor. The rapid fall in 
pressure in the first few minutes after the cessation of infusions of 60 drops per 
minute apparently corresponds to the absorption of that part of the cerebrospinal 
fluid that was present at the expense of expressed blood and distended dura. The 
elevation of cerebrospinal fluid pressure to between 500 and 600 mm. of water 
for ten to twenty minutes produced mild symptoms in about one-half the patients. 
The most frequent complaints were fatigue, numbness, tingling and dull pain 
in the legs, gluteal region or lower part of the back. No untoward after-effects 


were observed in any of the patients. Donatp, Philadelphia 


EXPERIMENTS ON THE MECHANISM OF NERVE GROWTH. PAUL WEISS and HELEN 
B. Hiscor, J. Exper. Zool. 107:315 (April) 1948. 


In lieu of a monograph, Weiss and Hiscoe report extensive experiments on 
the mechanism of nerve growth in condensed form. The experimental data were 
obtained by placing a constricting ring of artery around the whole nerve, thus 
affecting the “supply line” between the nucleus and the distal axoplasm. Over 
300 white rats were used, and additional experiments on rabbits, chickens and 
monkeys made the total number of individual nerves examined 100,000. 

The characteristics of nerve fibers which have regenerated through a con- 
stricted zone are as follows: (a) a permanent deficit of width distal to the con- 
striction, and (b) a permanent surplus of axoplasm dammed up just proximal 
to the constriction (ballooning, telescoping, beading, coiling). The fact that the 
damming effect grades off proximally in linear order indicates that it is due to the 
increased resistance offered to the movement of the axoplasm by the reduced 
cross section of the channel. The intensity of the damming increases with time 
and is directly related to the degree of reduction of the fiber diameter. The 
functions of the dammed fibers are not greatly impaired. 
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The configurations of damming can be seen clearly in the living fiber. The 
act of constriction itself is not responsible for the configurations of damming. 
Damming occurs whether the regenerated fibers have already passed or have not 
yet entered the level of constriction, when the latter is applied. Likewise, when 
uninterrupted mature nerve fibers are constricted, damming occurs proximal to 
the area of reduced cross section. When tandem constrictions are placed on a 
nerve, damming can occur in more than one place on a fiber, although the more 
distal configuration is less marked. 

Removal of the constricting band is followed by a downward movement of the 
dammed-up surplus of axoplasm, resulting in widening of the previously constricted 
area and the narrow distal part of the fiber. The rate of descent of this surplus 
axoplasm is of the order of 1 mm. per day. This appears to be the rate of the 
normal process of axoplasmic convection in the nerves studied. This rate is of 
the same order as that of protein replacement necessary to account for the amount 
of protein breakdown which can be estimated from the known values of ammonia 
production of nerve. 

As a result of the foregoing experiments, the authors present the following 
important concept of the growth of a nerve fiber: (a) Growth, in the sense of 
production of new protoplasm, occurs solely at the base of the fiber in the 
nucleated part of the cell body; (b) the column of axoplasm is maintained in 
constant proximodistal motion; (c) growth and centrifugal convection of axoplasm 
are not confined to the period of active elongation and enlargement but continue 
in the mature fiber which has reached a stationary condition; (d) the perpetual 
growth of the neuron serves, presumably, to replace katabolized protoplasmic 
systems, especially proteins, which cannot be synthesized in the peripheral 


cytoplasm. Rerp, New Brunswick, N. J. 


FURTHER QUANTITATIVE STUDIES ON Locomotor Capacity oF LARVAL AMBLY- 
STOMA FOLLOWING SURGICAL PROCEDURES UPON THE EMBYONIC BRAIN. 
S. R. Detwier, J. Exper. Zool. 108:45 (June) 1948. 


Using his previously described device, Detwiler has measured the locomotor 
ability of young Amblystoma larvae (stages 39 to 46+) after a variety of experi- 
mental procedures on the embryonic brain. 

Larvae in which the embryonic medulla has been replaced by a mesencephalon 
from a donor larva (stage 21) attain scores higher than those of control larvae 
under the same environmental conditions. Analysis of the data shows them to 
be statistically significant for stages 40, 42 and 44. As a result of these findings, 
Detwiler states that, in general, the locomotive power of individual larvae with 
two midbrains may be superior to that of normal larvae. The accelerating influ- 
ence may be brought about by the augmentation of tectobulbar and _ tectospinal 
tracts. 

Replacement of the embryonic medulla by the anterior end of the spinal cord 
from a donor embryo (stage 21) results in larvae whose motor scores fall dis- 
tinctly below those for the control larvae. This difference in scores is statistically 
significant for stages 40, 43, 44, 45 and 46. 

Whether the embryonic medulla is replaced by midbrain or spinal cord, the 
motor response is irregular as compared with that of the control larvae. 

Larvae with an intact medulla but with both ears lacking make lower scores 
than their controls. However, the pattern of response to repeated stimulation is 
regular, like that of the control larvae. 
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Since irregularity of response is thus associated with lack of the medulla, it 
appears that the medulla normally exerts a regulating influence on the motor 
activities of the animal. This experimental evidence supports the conclusions of 
Bartelmez that the bulbar tegmental motor nucleus is a coordinating mechanism 
for the motor apparatus of the bulb and cord. 

Since poorly differentiated or definitely cystic ears occur in larvae in which 
the medulla has been replaced by either mesencephalon or spinal cord, defective 
vestibular function cannot be responsible for the differences in the motor scores 
obtained in the two series of animals. 

Additional experimental proof that the normal differentiation of ears is 
dependent on the intactness of the medulla is offered by these experiments. A 
discussion of the development of ears under the conditions of these experiments 


is included. Rew, New Brunswick, N. J. 


CLINICAL PHARMACOLOGY AND UsEs oF CURARE. FREDERICK PREscortt, J. belge 
de neurol. et de psychiat. 47:599 (Oct.) 1947. 


Many conflicting statements have been made regarding the pharmacology of 
preparations of curare. The classic action of curare consists in paralysis of 
skeletal muscle by interruption of the neuromuscular conduction at the myoneural 
junction. The exact mode of action is obscure, but the drug probably acts by 
preventing the receptor substance in the muscle from reacting to acetylcholine or, 
possibly, by raising the threshold of stimulation. It does not interfere with the 
production of acetylcholine or with the increase in activity of cholinesterase. 
Curarizing drugs act anywhere in the nervous system where acetylcholine is the 
chemical mediator; they block synaptic transmission across autonomic ganglia in 
animals, but the effect is slow and may not occur in doses commonly used in man. 

Intravenous injections of curare cause a rapidly progressive paralysis, affecting 
first the muscles supplied by the cranial nerves and then the muscles of the limbs, 
back, abdomen, chest and diaphragm. Diplopia, ptosis and strabismus are the first 
symptoms; then speech is impaired. The effects of the drug are evanescent. 
Curare paralysis can be reversed by neostigmine, physostigmine, epinephrine, ephed- 
rine and guanidine and the action of these drugs is potentiated by the use of 
potassium ions. 

The principal clinical use of curare is to serve as an adjunct in surgical anesthesia 
and in electric shock therapy. Its use in the treatment of spastic states is 
promising. Other uses, as an agent in the relief of rigidity, dystonia and muscular 
spasm of poliomyelitis and as a diagnostic test for myasthenia gravis, are still 
experimental and need further investigation. DeJonc, Ann Arbor, Mich. 


Psychiatry and Psychopathology 


Constant ELEMENTS IN PsycHOTHERAPY. C. P. OBERNDORF, Psychoanalyt. 
Quart. 15:435 (Oct.) 1946. 


Oberndorf states that five constant elements enter into all forms of psycho- 
therapy: (1) the one who undertakes to perform it; (2) what is said or done; (3) 
the time when it is undertaken; (4) how (and even where) it is done or said, and 
(5) the susceptibility of the person toward whom the psychotherapy is directed. 
Suggestion occurs invariably in all forms of psychotherapy. In psychonanalysis 
suggestion is used to urge the patient to overcome the resistances. Sometimes 


| 
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symptoms disappear because the patient’s anxieties have been relieved, owing to 
confidence in the therapist. Such “transference cures” may be surprisingly 
enduring. The author reports 2 such cures, in both of which improvement was 
maintained over twenty-five years. The author also discusses the importance of 
appropriate timing of interpretations, as well as the significance of the time when 
patients come for psychotherapy. 

Oberndorf concludes that success in treatment will depend not only on the 
skilful consideration and manipulation of the factors mentioned but also on favor- 
able or prejudicial external conditions which support or thwart the therapist’s 


efforts. WERMUTH, Philadelphia. 


A Lion Hunrter’s Dreams. M. BONAPARTE, Psychoanalyt. Quart. 16:1 (Jan.) 
1947. 


Bonaparte relates the story of a ranger in South Africa who was attacked and 
dragged away by a lion. With great courage and skill he killed the lion with 
his sheath knife and thus escaped what seemed like certain death. Since this 
occurrence he has had recurrent dreams in which he fails to kill the lion, although 
in reality he had succeeded. These dreams are unlike the usual traumatic dreams, 
in which the event is reproduced monotonously unchanged. Bonaparte compares 
the ranger’s dreams to the examination dreams of students, which are interpreted 
as dreams of consolation and of encouragement. In such cases the dreamer dreams 
of failing an examination that in reality he has passed. On awakening he is 
relieved to find that it is just a dream. 

Bonaparte believes that if others who have survived castastrophe by their own 
courage, skill and activity have pseudotraumatic dreams of the examination type, 
it would appear that the part played by activity in saving oneself, in contrast 
to passively enduring a catastrophe, would seem to determine the reaction of the 
psyche to anxiety incident to trauma. Wermurta, Philadelphia. 


THE JEw as Symso_. H. LoEsLowitz-LENNARD, Psychoanalyt. Quart. 16:33 
(Jan.) 1947. 


Loeblowitz-Lennard analyzes the “ritual murder” myth which revolves about 
the alleged murder of Christian children by Jews. In such myths the Jew is 
a symbol for the father and represents the inhibiting, depriving forces in society. 
In the ritual murder myth the Jews exact punishment for the gratification of 
unconscious desires. The author believes that the roots of anti-Semitism lie in 
fear which springs from an unresolved Oedipus, in which the father has not been 


adequately internalized in the form of a superego. Wermutn, Philadelphia 


LEuKoTroMy PERFORMED ON CHILDREN AND Its INnpications. M. R. KLeEIn and 
G. Tarpreu, Semaine d. hép. de Paris 25:112 (Jan. 10) 1949. 


Klein and Tardieu performed leukotomy on 8 idiotic children between the ages 
of 2 and 15 years, 5 of them aged less than 7 years. Bilateral section of the white 
matter was carried out, with the aid of Cushing’s trocar, on a plane corresponding 
to the coronal suture. There were no untoward reactions. The children seemed to 
feel comfortable immediately after the intervention. They remained quietly in 
bed, agitation subsided and they took notice of objects. They also acquired some 
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automatisms. Institutionalization was no longer necessary. The children could 
be left alone with their toys; they were able to go around safely in the apartment, 
and they could eat at the table. These results warrant leukotomy in idiotic children 
with an intelligence quotient of 20 to 30 or less, with generalized cerebral lesions 
demonstrated by electroencephalography or with a normal encephalogram but with 
diffuse lesions, such as microhydrocephalus demonstrated by ventriculography—i. e., 
in those children for whom no other method of treatment offers any hope. 


J. A. M.A. 


Meninges and Blood Vessels 


MENINGITIS As A COMPLICATION OF PARATYPHOID INFECTION. T. FABRICANT 
and B. Versin, Harefuah 34:24 (Jan. 15) 1948. 


Fabricant and Verbin report 2 cases of meningitis due to paratyphoid A and B 
infection in infants aged 10 and 7 months, respectively. Both were admitted with 
clear pictures of meningitis. The spinal fluid was cloudy, with sterile cultures. In 
1 case 2,000 cells per cubic millimeter, mainly polymorphonuclear leukocytes, were 
found in the spinal fluid. On the fifth day paratyphoid B was cultured from the 
blood. In the second case there was 3,000 cells per cubic millimeter; the fluid was 
cloudy, and the culture was sterile. In this instance paratyphoid A was cultured 
from the stool. Both children recovered. In 1 case streptomycin was used. 


N. Savitsky, New York. 


Diseases of the Brain 


ToxopLtasmosis. S. H. FisHer and D. Witson, Am. J. Roentgenol. 59:816 
(June) 1948. 


Fisher and Wilson report a case of congenital toxoplasmosis with unusual 
intracranial calcifications. The patient, a white girl aged 13 months, had had 
intermittent convulsions since birth. Clinically, there were hydrocephalus, constant 
muscular twitchings, bilateral cataract, internal strabismus of the right eye and 
total blindness. Roentgenologic studies of the skull showed considerable flaky 
calcification over the convex surface of the brain and at the base. Air studies 
revealed extensive bilateral hydrocephalus. Toxoplasma antibodies were found 
in the serums of both the baby and the mother. A calcified plaque removed from 
the surface of the brain was histologically diagnosed as healed toxoplasmosis. 


TeEptick, Philadelphia. 


AtypicaAL Features oF Acoustic NERVE Tumors. BERNARD J. ALPERS and 
Francis M. Forster, J. Nerv. & Ment. Dis. 108:271 (Oct.) 1948. 


The syndrome of tinnitus, progressive loss of hearing, headache, staggering 
gait and other symptoms of compression of the brain stem has been formulated, 
mainly by Cushing, as characteristic of a tumor of the acoustic nerve. The 
authors report 7 atypical cases. In case 1 there was onset with cerebellar signs, 
which persisted for two years, without development of cochlear symptoms. In 
case 2 there was an acute onset in the puerperium with numbness of the right 
side of the face, diplopia, blurred vision and subsequent cerebellar signs. In case 3 
there was recurrent scotoma for five years, preceding bona fide symptoms of a 
tumor of the cerebellopontile angle. In case 4 severe objective vertigo was the 
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predominant symptom for two years. In case 5 localization was more difficult 
because of the development of anosmia and visual fields resembling bitemporal 
hemianopsia. Case 6 was characterized by onset with cerebellar signs, diplopia 
and vertigo, these symptoms being present for four years before the development 
of slight impairment of hearing. In case 7 pronounced emotional instability in a 
previously stable personality dominated the picture before typical symptoms 
developed. In 3 cases there were-attacks of unconsciousness with no clonic or 
tonic movements. 

Vertigo may be the presenting symptom of tumor of the angle and may be 
confused with Méniére’s disease if it is paroxysmal. The usual symptoms of 
involvement of the cochlear nerve may appear late or not at all. While a typical 
response to the Barany test in a case of acoustic tumor shows absence of cochlear 
and vestibular reactions on the affected side and of responses of the vertical canals 
of the opposite side, in rare instances a normal Barany reaction may be obtained. 
The loss of cochlear function may be slight, and complete loss of vestibular function 


may not be present. Farmer, Philadelphia. 


METASTATIC SEMINOMA OF THE Bratn. GEORGE S. BAKER and JAMEs T. 
Priestley, Proc. Staff Meet., Mayo Clin. 24:129 (March 2) 1949. 

Baker and Priestley report an instance of seminoma of the testis which 
metastasized to the brain. The patient, a man aged 25, showed evidence of having 
a cerebral tumor, and the neoplasm was removed from the left frontotemporal 
area. It was identified as a seminoma on histologic study, and a firm tumor was 
later found in the right testis. The testis was not enlarged. Histologic study of 


this tumor revealed seminoma testis. Atrers, Philadelphia. 


BoURNEVILLE’S DISEASE (TUBEROUS SCLEROSIS) WITH CEREBRAL CALCIFICA- 


TIONS: REpoRT OF A CASE. A. Rapovict and J. Schwartz, Encéphale 37:269, 
1948. 


Tuberous sclerosis was conceived of by Bourneville as a form of idiocy caused 
by inflammatory cerebral lesions. In reality the disease has been revealed as a 
hereditary, familial malady based on an embryonic dysplasia of the neuraxis with 
a neoplastic blastodermic tendency. From the clinical standpoint, particular interest 
is aroused by such cases as do not exhibit the classic symptomatic tetrad of 
oligophrenia, epilepsy, facial cutaneous adenomas and cerebral nodules. Such cases 
represent formes frustes, or larval types, in which there may be merely a single 
manifestation of the disease in the form of a cerebral tumor or even a renal 
tumor, and little else. In analogy to von Recklinghausen’s disease (neurofibro- 
matosis), tuberous sclerosis offers interesting problems in pathogenesis. It has 
been considered a central spongioblastosis, while von Recklinghausen’s disease has 
been thought of as a peripheral spongioblastosis (Bielschowsky). 

The case reported by Radovici and Schwartz is that of a virgin woman aged 
32 who was hospitalized for convulsive seizures, preceded by optic auras (colored 
lights, etc.) and laryngeal constriction. The attacks began at the age of 24. At 
first, they appeared only two or three times a month, but subsequently became 
more frequent—almost daily. The family and hereditary histories were without 
significance. Neurologic examination, like the laboratory studies, revealed nothing 
abnormal. Routine roentgenograms of the skull revealed irregular thickening of 
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the cranium and numerous intracranial calcareous opacities of irregularly spherical 
form. The diploic vessels were conspicuously developed in the occipital region. 
A sella turcica, though partly obscured by the opacities, seemed normal. A ven- 
triculogram showed air filling the superior portions of the lateral ventricles, which 
were asymmetric and deformed. There was no evidence of increased intracranial 
pressure. There were no nevi, adenomas or other cutaneous lesions and no tumors 
elsewhere in the body. Psychiatric study revealed a gentle, docile, passive char- 
acter with greatly reduced intellectual capacity. This personality type is in 
contrast to the usual epileptic type of personality and has often been noted in 
association with tuberous sclerosis. 

The primary symptoms were epileptic attacks, mental deterioration and roent- 
genologic evidence of six small calcified cerebral tumors. The authors believe 
that this case falls into the disease group called by Roger the neuroectodermatoses, 
by Sherlock epiloia and by van der Hoeve phakomatosis. Tuberous sclerosis and 
Sturge-Weber-Krabbe disease also fall into this group. It is true there were no 
cutaneous lesions or phakomatosis in the present case, but these are lacking in 
50 per cent of the cases described. The epileptic attack is the one symptom which 
usually never fails to appear in some form or other. The authors believe that this 
case properly falls under the more larval types of tuberous sclerosis. 


ZINKIN, New York. 


MENTAL SYMPTOMS IN ASSOCIATION WITH HyYPoPHYSIOHYPOTHALAMIC LESIONS. 
A. LetH PEDERSEN, Acta psychiat. et neurol. 23:261, 1948. 


Leth Pedersen reports 12 cases of hypophysiohypothalamic lesions with emo- 
tional disturbances characterized by emotional instability and egocentricity. In 
none of the cases was the diagnosis confirmed by autopsy. 


Avpers, Philadelphia. 


THROMBOSIS OF THE INTRACRANIAL VEINS. HENRI PERRIER, Confinia neurol. 
8:39, 1947-1948. 


Perrier reports 11 cases of thrombosis of the intracranial veins, 6 of them with 
autopsy. He points out that, although the intracranial veins may become thrombosed 
as a result of distant infection, they are more commonly associated with nearby 
infections, in the ears or the paranasal sinuses. There is possibility of confusion 
with cerebral tumor or abscess, and hydrocephalus and transient signs of focal 
damage to the brain consequent to venous thrombosis are common. The prognosis 
is said to depend on the recanalization of the affected vessels and the severity of 
the original infection. Treatment is directed to control of the infection with 
penicillin and the sulfonamide compounds and to control of the increased intra- 
cranial pressure with frequent lumbar punctures and injection of hypertonic solu- 
tions. In 1 case a decompression was carried out with good results, when other 


measures for reducing the pressure were unsuccessful. Pouzy. Boston 


Peripheral and Cranial Nerves 


POLYRADICULONEURITIS (SYNDROME OF GUILLAIN AND BARRE) As A Late Com- 
PLICATION OF Epirpemic Hepatitis. QO. JANota and J. Dosias, Encéphale 
37:275, 1948. 


Janota and Dobias agree that polyneuritis and/or polyradiculoneuritis is one 
of the most frequent late complications of epidemic hepatitis. Because of the 
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small number of cases observed and the many problems of pathogenesis raised by 
such cases, the authors consider it of some interest to report the present case, 
that of a man aged 40 who was admitted to the hospital on Aug. 5, 1947. On 
June 10, 1947 he had onset of a fever which lasted three days; on the fourth day 
he had gastric pain, nausea and vomiting. He resumed his work for three days. 
A short time later jaundice developed and there were clay-colored stools and dark 
brown urine. The jaundice disappeared in three weeks. On July 20, two weeks 
after the disappearance of the jaundice and seven weeks after the onset of the 
illness, the patient noted severe burning and paresthesias of the soles. His legs felt 
tired, weak and painful. A week later he could not walk or sustain his weight on 
his legs. At the same time, he experienced numbness and a sensation of deadness 
in his fingers. Examination at this time revealed mild paresis of the arms with 
loss of tendon reflexes and a marked paraparesis of the legs. The thigh muscles, 
particularly the quadriceps and the calf muscles, showed a fairly advanced atrophy ; 
the ankle and knee jerks were absent. There was no involvement of the pyramidal 
tract, and the cranial nerves were normal. Examination of the cerebrospinal fluid 
revealed albuminocytologic dissociation; the urine and blood were normal, and the 
serologic reactions of the blood and cerebrospinal fluid were negative for syphilis. 
The motor and sensory disturbances continued to grow worse until about one 
month after onset of his weakness, when recovery commenced very slowly. The 
patient was discharged as quite well on April 27, 1948. Serologic studies for 
leptospirochetes gave negative results. There were 2 other cases of benign icterus 
in the family at the same time. The authors feel certain that this supported the 
diagnosis of epidemic hepatitis. 

At the onset of epidemic hepatitis there is often meningismus with a normal 
cerebrospinal fluid, or with increased albumin without cytologic abnormalities, or 
with some degree of lymphocytosis. There may be pains in the trunk and limbs 
and, in rare cases, disturbances of the labyrinth and encephalitic signs. During the 
fully developed episode of hepatitis, encephalitis with symptoms of striopyramidal 
disease may develop. There are occasionally cerebral hemorrhages and convulsions. 
Late sequelae or complications (six to seven weeks after onset of illness) are 
neuritis, radiculitis and polyradiculitis, accompanied by changes in the cerebro- 
spinal fluid showing dissociation. The authors of the paper lean heavily toward the 
concept that it is the same virus, in its neurotropic phase, which causes both 


hepatitis and neurologic disturbances. Corts 


Treatment, Neurosurgery 


PENICILLIN IN THE TREATMENT OF NEUROSYPHILIS: IV. CEREBROSPINAL FLUID 
CHANGES IN CASES OF SYMPTOMATIC NEUROSYPHILIS. FRANK W. REYNOLDS, 
Ann. Int. Med. 26:393 (March) 1947. 


Reynolds made a study of the effect of penicillin in treatment of various forms 
of neurosyphilis. Of 149 patients so treated, 41 had dementia paralytica; 13 were 
considered to have the tabetic form of dementia paralytica; 45 had either tabes 
dorsalis or primary optic nerve atrophy or both; 19 had meningovascular neuro- 
syphilis; 6 had Erb’s syphilitic spastic paraplegia, and 25 patients here “unclassi- 
fied” had in most instances pupillary abnormalities only. 

One hundred and eleven of the patients were treated with penicillin alone, in 
amounts ranging from 2,000,000 to 10,000,000 units in divided doses; the remaining 
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38 patients received from 2,000,000 to 6,000,000 units of penicillin in divided doses 
concurrently with induced tertian or quartan malaria. 

The sodium salt of commercial, penicillin was used throughout. The preparations 
were those of several manufacturers and of many lot numbers. The composition 
in terms of the now identified penicillin fractions, G, F, X and K, is unknown. 
Aqueous solutions were injected intramuscularly every three hours, day and night. 
Individual doses ranged from 40,000 to 50,000 units; the total number of injections, 
from fifty to two hundred. Intrathecal therapy was not employed. Patients 
treated with malaria inoculations were allowed to have from eight to twelve parox- 
ysms and approximately forty hours of fever with temperatures in excess of 104 F. 
Administration of penicillin was usually begun at the time of the first apparent 
malarial fever. 

Of the 149 patients with various types of involvement of the central nervous 
system, 111 received penicillin alone, and 38, penicillin concomitantly with malarial 
therapy. Improvement in the abnormalities of the spinal fluid generally was 
apparent. As a rule the cell count and total proteins promptly became and remained 
normal. The reactions in the colloidal mastic and Wassermann tests gradually 
became more normal, the improvement being well sustained. The degree and 
rapidity of improvement could not definitely be correlated with (a) the penicillin 
dose, (b) the duration of symptoms or (c) the extent of the spinal fluid abnormali- 
ties. More favorable results followed therapy with penicillin with malaria than 


treatment with penicillin alone. Gurran, Wilkes-Barre, Pa 


SPONTANEOUS CEREBROSPINAL RHINORRHEA: SUCCESSFUL SURGICAL TREATMENT. 
J. Grarton Love and James R. Gay, Arch. Otolaryng. 46:40 (July) 1947. 


Love and Gay report 3 cases in which spontaneous cerebrospinal rhinorrhea 
was successfully treated by the intracranial surgical technic of Adson. All the 
patients were females having congenital defects of the cribriform plate of the 
ethmoid bone. Two of the patients were adults, with smaller bony defects; the 
third was a child of 4 years, who showed a large bilateral defect of the cribri- 
form plate with a portion of the left frontal lobe herniating into the left nasal canal. 
In each case a mild infection of the upper respiratory tract seemed to be the 
precipitating factor. The discharge was identified as cerebrospinal fluid by its 
physical characteristics and by chemical analysis. Neurologic and ophthalmologic 
examinations revealed no abnormality. The rhinorrhea ceased promptly after 
surgical repair of the defects and has not recurred. 


NOTICE 


The index for volume 62 will be mailed with the January 1950 number. 
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